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ANTIVIRAL COMPOUNDS AND METHODS 

* 

FIELD OF INVENTION 

rn 

The present invention relates to methods for retarding, reducing or otherwise 
5 inhibiting viral growth and/or functional activity. The invention also relates to 
compounds and "compositions suitable for use in the methods. 

BACKGROUND OF THE INVENTION |> 

Cunreatly, there is a great need for the development of new treatments that are 
effective against viral infections, particularly against viral infections which are ^ 

o 

10 - associated with high morbidity and mortality, and which impact on sizable . q 
populations.- Treatments currently available are inadequate or ineffective in large 3 
proportions of infected patients. 

For example, in ameliorating AIDS symptoms and prolonging life expectancy, a 

* 

measure of success has been achieved with drags, targeting the viral reverse 

• m m 

* 

15 transcriptase and protease enzymes (Miller and Sarver, 1997; Mitsuya, 1992; Moore, 

« 

1997; and Thomas and Btady, 1997). However, no single treatment method is 
completely effective against HTV infection. (Barry et al* 1998; Deeks, 1998; Miles, 
1997; Miles, 1998; Moyle et al, 1998; Rachlis and Zarowny, 1998; Veil et al, 1997; 
Volberdmg and Deeks, 1998; and Volberdin, 1998). 

■ 

20 PCT application PCT/AU99/00872 describes the use of compounds S-(N,N- 

hexamethylene)-amiloiide and SHK^dimetliy^-flmiloride in the treatment of HIV 
infection. 

Another virus considered to be a significant human pathogen is the Hepatitis G 
virus (HCV). This is a significant human pathogen in terms of both cost to human 

25 health and associated economic costs. HCV causes chronic hepatitis and cirrhosis 
and is the leading indicator for liver replacement surgery. In 2002 the Centre for 
Disease Control and Prevention estimated that more* than 4 million people were 
infected in the USA alone and that approximately 8,000 to 10, 000 die as a result of 
chronic HCV infection yearly. There is no known cure or vaccine. More effective 

30 pharmacological agents are urgently required. 
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A further well-known family of pathogenic viruses are the Coronaviruses. 
Coronaviruses (Order Nidovirales. family Coronaviridae, Genus Coronavirus) are 
enveloped positive-stranded UNA viruses that bud from the endoplasmic reticulum- 
Golgi intermediate compartment or the cis-Gol& network (Fischer, Stegen et aL 
5 1998; Maeda, Maeda et aL 1999; Corse and Machamer 2000; Maeda, Repass et aL 
2001; Ruo and Masters 2003). ■ 

Coronaviruses infect humans and animals and it is thought that there could be 
a coronavirns that infects every animal. The two human coronaviyuses, 229E and 
OC43, are known to be the major causes of the common cold and can occasionally 
1 0 cause pneumonia in older adults, neonates, .or immunocompromised patients (Peiris, 
Lai et aL 2003). Animal coronaviruses can cause respiratory, gastrointestinal, 
neurological, or hepatic diseases in their host (Peiris, Lai et aL 2003). Several animal 
raipnavirus are significant veterinary pathogens (Rota, Oberstc et aL 2003% 

Severe acute respiratory syndrome (SARS) is caused by a newly identified 
15 virus. SARS is a respiratory illness that has recently been reported in Asia, North 
America, and Europe (Peiris, Lai et aL 2003). The causative agent of SARS was 
identified as a coronavirus. (Drosteo, Gunther et aL 2003; Ksiazek, Erdmanetal. 
2003; Peiris, Lai et at. 2003). The World Health Organization reports that the 
cumulative number of reported probable cases of SARS from 1 November 2002 to 
20 file 1 1 th July 2003 is 8,437 with 813 deaths, nearly a 10% death rate. It is believed 
that SARS will not be eradicated, but will cause seasonal epidemics like the cold or 
influenza viruses (Vogel 2003)- 

» * 

To improve the prospect of treating and preventing viral infections, there is an 
• on-going need to identify molecules capable of inhibiting various aspects of the viral 
25 life cycle. 

It is an obj ect of the present invention to overcome or ameliorate at least one of 

the disadvantages of the prior art, or to provide a useful alternative. 

Any discussion of the prior art throughout the specification should in no way be 

considered as an admission -that such prior art is widely known or forms part of . 

. « 
30 common general knowledge in the field. 
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SUMMARY OF THE INVENTION 

The inventors have surprisingly found that certain compounds that fell under 
the classification of substituted acylguanidines have antiviral activity against viruses 
from a range of different virus families. Without intending to be bound by any 
5 particular theory or mechanism of action, and despite current dogma, it appears 
possible that viral replication can be retarded by inhibiting or otherwise down- 
regulating the activity of ion channels expressed in the host cell. Thus, the negative 

■ 

impact of the compounds of the present invention on viral replication may be 
mediated by the inhibition or otherwise down-regulation of a membrane ion channel 
1 0 relied upon by the virus for replication* This membrane ion channel may be a viral 

■ * 

membrane ion channel (exogenous to the host cell) or a host cell ion channel induced 
as a result of viral infection (endogenous to the host cell). 

As an example, the compounds of the present invention may inhibit Vpu or p7 
function and thereby inhibit the continuation of the respective HIV or HCV life cycle. 
15 The SARS virus encodes an E protein which is shown for the first time, by the 

present inventors, to act as an ion channel. As similar E proteins are present in other 
coronaviruses, the compounds, compositions and methods of the present invention 

* * 

would have utility in the inhibition and/or treatment of infections by other 
coronaviruses. 

20 The present invention is concerned with novel antiviral compounds that fall 

under, the classification of substituted acylguanidines. It does not include in its scope 
the use of compounds 5-(N,N-hexamefhylene)amiloride and 5-(tf ^-dimethyl)- 
amiloride for retarding, reducing or otherwise inhibiting viral growth and/or 
functional activity of HIV. 

25 Accordingly, a first aspect of the present invention provides an acylguanidine with 
antiviral activity. 

According to a second aspect, the present invention provides an antiviral compound 
of Formula I 
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wherein R1-R4 are independently aromatic groups, hetero aromatic groups, 
alkyiaromatic groups, alkylhetero aromatic groups, alkenylaromatic groups, 
alkenylheteroaromatic groups, cycloalkyiaromatic groups, 
cycloalkylheteroaromatic groups, aryloxyalkyl groups, heteroatyloxyalkyl 
5 . groups, said groups are mono or polycyclic, .and are optionally substituted 

with one or more substitutents independently selected from hydrogen, 
hydroxy, nitro, halo, amino, substituted amino, alkyl-substituted amino, 
cycloalkyl-substituted amino, aryl-stibstituted amino, Ci^alkyl, Ci. 
salkyloxy, C3-6cycIoalkyi, halo-substituted Ci^alkyl, halo-substituted Ci- 
10 salkyloxy, phenyl, Ci-galkeueyl, C3-6cycIoalkeneyl, Ci-6aEkeneoxy, bettzo, 



15 



^"^O - ^ „„ NH 2 O 



aryl, substituted aryl, PrS, \ or 

According to a third aspect, the present invention provides an antiviral 
compound of Formula I 

O N'* 3 
H I 

■ 

or phatmaceutically acceptable salts thereof, 
wherein, 
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and wherein 
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* 

X = hydrogen, hydroxy, nitro, halo, Ci^alkyl, Ci^aBcyloxy, 

C3-6CycIoalkyl, halo-substituted CnjaBcyl, halo-substituted Cu 

■ * 

salkyloxy, pbeaiyt, Ci^alkeneyl, C3-6cycIoalIceneyi, C^alkeneoxy, or 
beozo; 

R« > Ri,,R c ,Ild,R <s ,Rf,Ri, 1 B&,RL,R TO ,Rj,R6,Kp independently = 
hydrogen, amino, halo, Ci-salkyL, Ci-salkyioxy, hydroxy,, aryl, 
substituted aryl, substituted amino, mono or dialkyl-substituted 
amino, cycloalkyl-substituted amino, aryi-substituted amino; 
H 3 C, 



V 



N 

H 2 N 

^2 0 orPrS; 
10 R g ,]^ixulependently=hyd^^ 

Kj = hydrogen, amino, halo, Chalky!, Ci-^alkyloxy, hydroxy, aiyi, 
suSstituted aiyl, substituted ammo, alkyl-substituted amino, 
cycloalkyl-substituted amino, aryi-substituted amino, PrS, 

H 2 N. ^.N_ V 

Y 

NH 2 O 




Preferably, the compounds of the invention include file following: 
5-QNf,N-hcxamethylene)amiloride comprising the structure 



NH 2 




> ^ N NH2 



20 
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S-CN^-DimethyQamiloride hydrochloride comprising the structure 



O 



H 3 C. 




NH 2 

X 

N NH 2 



NH 2 



CH 3 



5-(N-merfliyl-N-isobxrtyl)amiloride comprising the structure 



CI 



Q NH 2 



X 




N' 'N NH 2 



5-(K-elliyi-N-isoprDpyl)amilori(Je (herein referred to as EEPA), comprising the 
structure 



CI 



O NH 2 

**»*^Vr NH 2 



10 
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N-CS.S-Diaminc^S-cMoro-pyraaine^-carbcmy^-N^-phenyl-guamdiiie, comprising the 
structure 



O NHj 

x 'X^ 

H 2 N N NH 2 




H 



N-Beiiz^-N' r (3,5H3iamino^-cMoro-pyizitte-2-carbonyI)-gU£Daidine, comprising the 
5 structure 



O NH 2 
H 2 N N NH 2 



H 




3-methoxy amiloride comprising the structure comprising the structure 



O NH 2 

x ^ 

H 2 N " N OCH 3 



NH 2 



3-methoxy-5-(N^-Hexamethyiene>amiloria'e comprising the structure 




N O 



O NH 2 



NH 2 



CH 3 
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3-hydroxy-5-hexamethylmeimiao-arniloride comprising the structure 



O NH 2 




N " NH 2 



OH 



Hexamefhyleneinuho-6^^ comprising the structure 




N-amidmo-3 J 5-diamino-6-phemyl-2-pyrazinecarboxHmide comprising tile structure 




NH 2 



10 
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5-(N^N-hejcamethylene)amiloride comprising the structure 



CI 




O NH 2 



NH 2 



N-amidino-3-amino-5-ph^ comprising the 

■ 

5 structure 




3*4 DichloroBenzamil comprising the structure 



NH 2 



NH 



NH 2 N NH ; 




10 
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2'4 DichloroBeiizamil HC1 comprising the structure 



6 NH 2 
. N NH 

W^" NH 2 . 




5-(N-meiii\4-N-giiard<toocarbonyl-methyl)ai>3iloride comprising the structure 



H 3 C 
H 2 N N 

T 

NH 2 O 




5 5^^-Diethyl)amiloride hydrochloride comprising the structure 




5-(N^-Diniefliyl)amiloride hydrochloride comprising the structure 



CI- 



O NH 3 



N N NH 2 
I 

CH 3 



NH 2 
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5-tert-butylamino-amflpride comprising the structure 



O J$H 2 

CU N. 



J< 

^ N N NH 2 



NH 2 



6-Iodoanriloride comprising the structure 



O NHa 
5 HjN N NHj 



Bodipy-FL Amiloride comprising the structure 

O NH 2 
Gk N JJ^ BOD IPY - KL 

* 

5-(4-fIuoTophenyl)amiloride comprising the structure. 

O NH 2 




10 
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1-napthoylguamdine comprising the structure 




2-napthoylguanidine comprising the structure 




N-(2-naptlioyl)-N l -phenyIguanidine comprising the structure 



c; 




i 

N > N'-bis(2-napthoyI)guatiidine comprising the structure 




10 
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N,lsr-bis(l-iiapth.oyOguaiiidmo cwrprising the structure 




■ » 

N,N'-bis(2-»a5>fhoyl)-N"-phenylguanidlne comprising the structure 




5 6-methoxy-2-naplithoylguanidine comprising the structure 




NH 2 



N-Cinnamoyl-N'^'-dimethylguamdine comprising the structure 




O NH 

JL ^CH 3 

H I 

CH 3 
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3-qiurLOlinoylguatudiae comprising the structure 




oylguanidine comprising the structure 




NH 2 



4-phenylbenzoylguanidine comprising the structure 




N-(ciimamoyl)-N^henylguamdine comprising the structure 



10 
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(3-phenyIpropanoyl)guairiditie comprising the structure 




N^-Ws^ciimamoyl^^-phen^guaiiidiiie comprising the structure 




5 N-(3-ph^iylpropanoyi)-N f -phenyIguanidine comprising the structure 




N^-bis(3phenylpiopaaoyl>N' , ^henylguaiiidine comprising the structure 
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trans-3-furaDacryDylgnanidiiie comprising the structure 




N-(6-Hydroxy-2-napthoyJ)-K-pIienyIgaaiii{Jme comprising the structure 

O NH 

X 




N' "NH 
H 




(4-Phenoxybea25oyl)gaailidine comprising the structure 

O NH 2 

X. 

NH 2 




10 





j 










Ml 




15 
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6-bn>ttio-2-napthoylguanidine comprising the structure 

O • NH " 

NY' NY f\i"*" 

I 




N NH 2 
iri 



1 -bromo-2-napthoylguanidine comprising the structure 
- Br Q NH 




N • NH 2 
H 



2-(2-napwyl)acetoylguamdine comprising the structure 



NH 2 



NH 



10 



N' , -CSrinamoyl-N,N 1 -diphe^lguarudiae comprising the structure 




(Phenylacetyl)guanidine comprising the structure 




NH 2 



15 
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N > N , -Bis(3--pheiiylpropaiioyl)guaEddiiie comprising the structure 

* 

O NH O 

A. 




N N 
H H 




Benzoylguaoidine comprising the structure 
O NH 




(4-CMoiophenoxy-acetyl]guanidirie comprising the structure 

O ■ NH 




H 



NH 2 



10 



N-Benzoyl-N*-cinnamoylguanidine comprising the structure 

O NH 2 O 




T>r®> N 

H 




15 



[(E)-3-(4-Dhnefhyle 
structure 



mill 



maphenyl)-2-mefhylacryloyI]guanidine comprising the 
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(4-CWoitJcimamoyl)guan£dme comprising the structure 

O NH 2 

x • 

NH 2 





oyl)guanidine comprising the structure 
O NH 2 

'■ 

N NH 2 



(4-Methoxyoiimamoyr)guanidinQ composing the structure 

O NH 2 

X 




N NH2 



(5-Phenyl-penta-2,^dienoyl)guanidine comprising the structure 

O NH 2 

x 

N NH 2 



10 




(3-Bromocitmamoyl)guanidine comprising the structure 

O NH 

NH3 




1$ . (3-Memoxyciimamoyl)guamdine comprising the structure 

O NH 

XL ~ 

N NH 2 
H 
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(3-Chlorocinnanioyl) guanidine comprising the structure 

O NH 

ck X X 

N^N^ ^/ N NH 2 
I H 

(2-CMorocinnamoyl)guaiudine comprising the structure 

0 NH 

H 




(2-Bromochmamoyl)guanidine comprising the. structure 

O NH 

<^NH 2 




(2-Methoxycirruamoyl)guanidine comprising the structure 

O NH 

-^NH, 




10 (trans-2-PhenyIcyclopropanecarbonyl)gnanidrne comprising the structure 

O NH 

X 
N NH 2 
H 




[3^3-Pyridyl)acryloyI]guamdine comprising the structure 

O NH 
X 

^NH 2 




15 
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(4-Hydioxyc£ 



HO 




oyl)guanidine comprising the structure 
O NH • 

1 

NH 2 



(Quinoline-2-carbonyI)guanidine comprising the structure 

O NH 2 

^NH 2 




(4-Nitrocinnamoyl)guanidine comprising the structure 

O NH 

X 




NH 2 



1 0 (3-Mtrocinnam.oyl)guanidine comprising the structure 

O NH 

A 

NH 2 




N0 2 



(2-Nitrocirmamoyl)guariidine comprising the structure 

O NH 

x 

NH 2 




15 
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O NH 

x 
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rprisiog the structure 




N' ^NH 2 
H 



trans-3-(l -napthyl)acryloyIguanidine comprising the structure . 

6 NH 

A. 




vr ^NH 2 • 



4-pheaylcinnamoyIgi 




idine comprising the structure 
O NH 

X. 



H 



3-(tifluoromethyl)cirinamoylguanidhie comprising the structure 

O NH 

X 

I 



10 




NH 2 • 



3-metbylcinnamoylguanidine comprising the structure 

O NH 

:.a. 




N 
H 



NH 2 



CH 3 
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4 -(trifluorometiiyl) cinn amoyl guanidihe comprising the structure 

" O NH 

X 




N' ~NH 2 
H 



2-methylcinnamoylguatudine comprising the structure 
CHj 6 NH 

" X 

xv xv r\j 

I 




N' ^NH 2 



2-(triflnprometbyQ^ n " nT " ft yT g 1 ? l "^^ Ti e comprising the structure 
CF 3 O NH 

'" X 

XV xv f\J 

I 




4-methylcinnamoylguariidinG comprisittg the structure 

O NH 

X 



10 



H 3 C 




NH 2 



4-isopropyIcinnamoylguanidine comprising the structure 

O NH 

X 

^NH2 




15 
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3-fluorocinnamoyiguanidiae comprising £hfc structure 

. O NH 

x 




W "NH 2 

XX 



2-fhicraciimamoylguaiiidine comprising the structure 

O NH 

.A. 




g ^NH 2 



4-fIuoroci 




amoylguanidine comprising the structure 
O NH - 

A 



N' ~NH 2 
H 



1 0 3,4-dicWorocirmarnoylguaiiiditie comprising the structure 

O NH 

X 




N' ~NH 2 
H 



2,4-dichlorocinnamolyguanidiiie comprising the structure 

O NH 

.A. 




N' ~NH 2 
H 



15 
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2,6-dicMorociimamoylguaiiidme comprising the structure 
CI O NH 

Jl 

NH 2 




4-ethoxyci 



oylguanidine comprising the structure 

O NH 
X 

NH 2 



H 3 CH 2 CO 




3,4^^hylea^oxy}ckmmoyigaamdme comprising file structure 

O ■ NH 



NH 2 




10 3-(2-napthyl)acryloylguadidine comprising the structure 

O NH 

X 

NH 2 




4-t-butyIcinnamoylgaanidine comprising the structure 

O NH 

X 

•^NH 2 - 



H 3 C^ C 
CH 3 
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3A5-trime£hoxyci 



H 3 CO 



H3CO 




oylguanidine comprising the structure 
O NH 
X 

NH 2 



OCH3 



2-(l-napthyl)acetoylguanidine comprising the structure 

O NH 

A 




H 









ill 




NH 2 



2 3 3H3ifhiorocmnamoyiguamdine coj 

O NH 

^NH 2 



lprising the structure 




3-phenyldimamoylguanidhie comprising the structure 

O NH 

x 

N NH 2 
H 
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3-(trans-hept-l -m- 1-yl) cinnamoylguani( 

O NH 

A 



NH 2 



le comprising the structure 




2-ethylcirmamoylguaradine comprising the structure 

O NH 
11 

NH 2 




^-^hToro-^-flnrTn ra""?" 1 ^ ^ 1 ""'^'"" comprising the structure 
F O NH 

,x 




IT ~NH 2 
H 



10 • 3-t-butylcinnamoylguamdme comprising the structure 

O NH 

X 
N , NH 2 

H ' 



• H 3 C 




CH 3 
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3,4-difluoroci 




oylguarudine comprising the structure 
O NH 
X 

NH 2 



5-brotno-2-fludrociimamoylguanidino comprising the structure 

O NH 

Br. _ _ ^ A 

W NH 2 
H 




3 - (trifluorome1hoxy)cinnamoyl guamdine comprising the stracture 

■ 

• - O NH ■• • • ■ — * 

A 

NY rv 

I 




NH 2 



OCF 3 

2-ethoxycinnamoylguanidine comprising the structure 

O NH 

A 

NH 2 



10 




2-t-butyIcinnamoylguanidine comprising the structure 



H 3 C^ I J&H.?, . 

^C^ O NH 

x 

N NH 2 
H 

H 




15 
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3-(cyclohex-l-en-l-yl)cinnamoylguamdine comprising the structure 

0 NH 




cinnamoylguaoidine hydrochloride comprising the structure 



O NH 




CH 3 



2-cyclohexylcinnamoyigu anidine comprising the structure 




* * * 

5-bromo-2-methoxyciimamoylguanidine comprising the structure 

O NH 
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2,3-dimelhylcirmamoylguaindiiie comprising the structure 

* 

O NH 

X 

I 




NH 2 



3-efhoxyci 




oylguanidine comprising the structure 
O NH • 

X 



N NH 2 
H 



OCH 2 CH3 

3-isopropylciimatnoylg^ianidnie hydrochloride comprising the structure 

O NH - - - — - 

x 




N" "NH 2 
H 



2-phOTylcitoamoylguanidine comprising the structure 

O NH 

X 




N NH 2 
H 



10 



2-(cyclohex-l-en-lyl)cinnamoylguanidine comprising the structure 

O NH 




N" 
H 



NH 2 
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2^4,6-trimethylciimamoylguaiiidine comprising the structure 
CH 3 O NH 




(5-Phenyl-penta-2,4-dienoyl) guanidine comprising the structure 

O NH 

A 

i 




NH 2 



5-(3 '-bromophenyl)p enta-2,4-dienoylguam"din.e comprising the structure 

O NH 




10 5-(2'-^bromophenyl)penta-2,4-dienoylguanidine comprising the structure 

O NH 




Furanacryloyl comprising the structure 

O NH 

N . NH 2 
H 
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Preferably, the compounds of Hie invention are capable of reducing, retarding or 
otherwise inhibiting viral growth and/or replication. 

Preferably, the antiviral activity of the compounds of the invention is against 
viruses such as those belonging to the Lenti virus family, and the Coroaovtrus family 
5 family of viruses. For example, the compounds of the invention exhibit antiviral 

activity against viruses such as Human Immunodeficiency Virus (HTV)> Severe Acute 
Respiratory Syndrome virus (SARS), Mouse Hepatitis virus Q, and Hepatitis C virus 
CSCV), 

According to a fourth aspect of the present invention, there is provided a 

1 0 pharmaceutical composition comprising an antiviral compound according to any one 

of the first, second or third aspects, md optionally one or more pharmaceutical 

• ■ ■ 

acceptable carriers or derivatives, wherein said compound is capable of reducing, 

■» retarding or otherwise inhibiting viral growth, and/or replication. 

Preferably, the antiviral activity of the compounds of the invention is against 

— 15 — ■ viruses such as those belonging to the Lenti virus family, and the Coronovirus family 

of viruses. For example, the compounds of the invention exhibit antiviral activity 

against viruses such as Human Immunodeficiency Virus (HIV), Severe Acute 

Respiratory Syndrome virus (SARS), Human Coronavirus 229B, Human Coronavirus 

OC43, Mouse Hepatitis virus (MHV), Bovine Coronavirus (BCV), Porcine 

20 Respiratory Coronavirus (PRCV), Hepatitis C yirus (HCV) and Equine Arteritis 

Virus (EAV). 

■ 

Other Coitraaviruscs which can be inhibited or their infections treated by the 
compounds of the invention are those listed in Table 1 . 

The compositions of the invention may further comprise one or more known 
25 antiviral compounds or molecules. 

According to a. fifth aspect, there is provided a method for reducing, retarding or . 

• • • 

otherwise inhibiting growth and/or replication of a virus comprising contacting a cell 
infected with said virus or exposed to said virus with a compound according to any 
one of the first, second or third aspects. 
30 Preferably, the virus is from the Lentivirus family, or the Coronavirus family. 

• * 

More preferably, the virus is Human Immunodeficiency Virus (HIV), Severe 
Respiratory Syndrome virus (SARS), Human Coronavirus 229E, Human Coronavirus 
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0C43, Mouse Hepatitis virus (MHV), Bovine Coronaviius (BCV), Porcine 
Respiratory Coronavirus (PRCV), Mouse Hepatitis virus (MHV), Hepatitis C virus 
(HCV), or Equine Arteritis Virus (EAV)- Mostpreferably, the virus is BTV-1, HIV-2, 
the SARS virus, Coronaviruse 229E, Ctoronavirus OC43, PRCV, BCV, HCV, or 
- 5 BAV. 

Other Coronaviruses which can be inhibited or their infections treated by the 
compounds of the invention are those listed in Table 1 > 

According to a sixth aspect, there is provided a method for preventing the 

* 

infection of a cell exposed to a virus comprising contacting said cell with a compound 
10 according to any oiie of the first, second or third aspects. 

Preferably; the virus is from the Lentivirus family, or the Coronavirus family. 

• ■ 

More preferably, the virus is Human Immunodeficiency Virus (HIV), Severe 

Respiratory Syndrome virus (SARS)* Human Coronavirus 229E, Human Coronavirus 
OC43, Mouse Hepatitis Virus (MHV), Bovine Coronavirus (BCV), Porcine 

IS Res^itSo^ (MHV), Hepatitis C virus s 

(HCV), or Equine Arteritis Virus (BAV). Most preferably* the virus is HIV-l, HIV-2, 
the SARS virus, Coronaviruse 229E, Coronavirus OC43, PRCV, BCV, HCV, EAV. 

Other Coronavrruses which can be inhibited or their infections treated by the 
compounds of the invention are those listed in Table 1. 

20 According to a seventh aspect of the invention, there is provided a method for 

■ 

the therapeutic or prophylactic treatment of a subject infected with or exposed to a 
virus, comprising the administration of a compound according to any one of the fiist, 
second or third aspects, to a subject in need of said treatment 

Preferably, infection with a virus or exposure to a virus occurs with viruses 
25 belonging to ; the Lentivirus family, or the Coronovirus family. More preferably, 
infection or exposure occurs with HIV, SARS, Human Coronavirus 229B, Human 
Coronavirus OC43* Mouse Hepatitis virus (MHV), Bovine Coronavirus (BCV), 
Porcine Respiratory Coronavirus (PRCV), Hepatitis C virus (HCV), or Equine 
Arteritis Virus (EAV). Most preferably, infection or exposure occurs with HTV-1, 

* 

30 HIV-2, SARS, Human Coronavirus 229B, Human Coronavirus OC43, Hepatitis C 
virus (HCV), or Equine Arteritis Virus (EAV). 
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Other Coronaviruses which can be inhibited or their infections treated by the 
compounds of the invention are those listed in Table 1. 

* 

The subject of the viral inhibition, is generally a mammal such as but not 
limited to human, primate, livestock animal (e.g. sheep, cow, horse* donkey, pig), 
5 companion animal (e*g, dog y cat), laboratory test animal (e r g. mouse, rabbit, rat, 
guinea pig, hamster), captive wild animal (e.g, fox, deer)- Preferably, the subject is a 
. primate, or horse. Most preferably, the subject is a human. 

According to a'eighfh aspect, there is provided a method of down regulating a 
membrane ion channel functional activity in a cell infected with a virus, comprising 
10 contacting said cell with a compound according to any one of the first, second or third 
aspectSr 

. Themembrane ion channel may be endogenous to the cell or exogenous to the 
celL 

Preferably, the membrane ion channel of which functional activity is down 
- - 15— regulated i& that which Lentivirusesj and Coronaviruses uttHse for mediating viral - 
replication and include, for example, the HIV membrane ion channel Vpu , the HCV 

* 

membrane ion channel P7, the Coronavirus E protein membrane ion channel, and the 
.SARS E protein membrane ion chanheL 

Preferably, infection with a virus or exposure to a virus occurs with viruses 
20 belonging to the Lentivirus family, or the Coxonovirus femily. More preferably, 
infection or exposure occurs with HIV, SARS, Human Coronavirus 229B, Human 
Coronavirus OC43, Mouse Hepatitis virus (MHV), Bovine Coronavirus (BCV), 
Porcine Respiratory Coronavirus (PRCV), Hepatitis C virus (HCV)* or Equine 
. Arteritis Virus (EAV). Most preferably, infection or exposure occurs with HIV-1, 
25 HEV-2, SARS, Human Coronavirus 229E, Human Coronavirus OC43, Hepatitis C 
virus (HCV), or Equine Arteritis Virus (EAV). 

According to an ninth aspect of the present invention, there is provided a method 
of reducing, retarding or otherwise inhibiting growth and/or replication of a virus that 

♦ 

has infected a cell, said method comprising contacting said infected cell with a 
30 compound according to any one of the first, second or third aspects, wherein said 
compound down regulates functional activity of a membrane ion channel derived 
from said virus and expressed in said infected cell. 
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Preferably, infection, occurs with a virus belonging to the Lentivirns family, or 
the Coronovirus family. More preferably, infection or exposure occurs with HIV, 
SAKS Human Coronavirus 229B, Human Coronavirus OC43, Mouse Hepatitis virus 
(MHV), Bovine Coronavirus (BCV), Porcine Respiratory Coronavirus (PRCV), 
5 Hepatitis C virus (HCV), or Equine Arteritis Virus (EAV). Most preferably, infection 
or exposure occurs with HJV-1, HIV-2, SARS, Human Coronavirus 229E, Human 
. Coronavirus OC43, Hepatitis C virus (HCV), or Equine Arteritis Virus (BAV), 

Omer Coronaviruses which can he inhibited of their infections treated by the 
compounds of the invention are those listed in Table 1 . 
10 Preferably, the membrane ion channel of which functional activity is down 
regulated is that which Lentiviruses, and Coronaviruses Utilise for mediating viral 
replication and include, for example, the HW membrane ion channel Vpu , the HCV 
membrane ion channel F7, and the Coronavirus E protein membrane ion channel. 

According to an tenth aspect, the present invention provides a method of 

has infected a cell in a mammal, said method comprising administering to said 
mammal a compound according to any one of the first, second or third aspects, or a 
pharmaceutical composition according to the fourth aspect, wherein said compound 
or said composition down regulates functional activity of a membrane ion channel 

20 expressed in said infected celL 

Preferably, infection occurs with a virus belonging to the Lentivirus femily, or 
the Comnovtrus femily. More preferably, infection or exposure occurs with EOV, 
SARS, Human Coronavirus 229E, Human Coronavirus OC43, Mouse Hepatitis vims 
(MHV), Bovine Coronavirus (BCV), Porcine Respiratory Coronavirus (PRCV), 

25 Hepatitis C virus (HCV), or Equine Arteritis Virus (EAV). Most preferably, infection 

i 

or exposure occurs with HIV-1, HIV-2, SARS, Human Coronavirus 229E, Human 
Coronavirus OC43, Hepatitis C virus (HCV), or Equine Arteritis Virus (EAV). 

Other Coronaviruses which can be inhibited or their infections treated by the 
compounds of the invention are those listed in Table 1. 
30 Preferably, the membrane ibn channel of which functional activity is down 
regulated is that which Lentiviruses, and Coronaviruses utilise for mediating viral 
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replication and include, for example, the HIV membrane ion channel Vpu , the HCV 
membrane ion channel £7, and Hie Coronavirus E protein membrane ion channel. 

The subject of the viral inhib ition is generally a mammal such as but not limited 
to human, primate, livestock animal (e.g. sheep, cow, horse, donkey, pig), companion 
5 animal (e.g. dog, cat), laboratory test animal (e.g. mouse, rabbit, rat, guinea pig, 

hamster), captive wild animal (e.g, fox, deer). Preferably, the subject is a primate, or 
horse. Most preferably, the subject is a human. 

According to a eleventh aspect, the present invention provides a method for the 
therapeutic or prophylactic treatment of a subject infected with or exposed to a virus . 
10 . comprising administering to said subject a compound according to any one of the 
first, second or third aspects, or a pharmaceutical composition according to the fourth 
aspect, wherein said compound or said composition down-regulates functional 
activity of a membrane ion channel derived from said virus. 

Preferably, infection occurs with a virus belonging to the Lentivirus family, or 
15 the Cpronovirus family of viruses. More preferably; infection or exposure occurs with " 
HIV, SARS, Human Coronavirus 229E> Human Coronavirus OC43, Mouse Hepatitis 
virus (MHV), Bovine Coronavirus (BCV), Porcine Respiratory Coronavirus (PRCV), 
Hepatitis C virus (HCV), or Equine Arteritis Virus (EAV), Most preferably, infection 
or exposure occurs with EQV-1, HIV-2, SARS, Human Coronavirus 229E, Human 
20 Coronavirus OC43, Hepatitis C virus (HCV), or Equine Arteritis Virus (EAV). 

Other Cpronaviruses which can be inMbited or their infections treated by the 

• ■ 

compounds of the invention are those listed in Table 1 * 

Preferably, the membrane ion channel of which functional activity is down 

« 

regulated is that which Lentivinises, and Coronaviruses utilise for mediating viral 
25 replication and include, for example, the HIV membrane ion channel Vpu , the HCV 

membrane ion channel P7 S and the Cbrcmavirus E protein membrane ion channel,. 
The subject of the viral inhibition is generally a mammal such as but not limited 

to human, primate, livestock animal (e.g. sheep, cow, horse, donkey, pig), companion 

animal (e.g. dog, cat), laboratory test animal (e.g. mouse, rabbit, iat> guinea pig, 
30 hamster), c^tive wild animal (e.g. fox, deer). Preferably, the subject is'a primate, or 

horse. Most preferably, the subject is a human. 
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According to a twelfth aspect, the invention provides an antiviral compound 
selected from the group consisting of: 
N-(3 5 5-]Mammo-6-cMoxo^ 
N-Benzyl-NM3 s 5H3iamino-^ 
5 3'4 DichloroBenzaroil, 

■ 

2*4 DichloroBe»3zamil, 

5-(N-methyl-N-j^^ 
5-(N-Meth)l-N-isobutyl)aniiloride, 

5-(N-Etiiyl-N'isopropjd)aniiIoride, 
10 5-(NpN^Dimdihyl)amiloiide hydrochloride, 

5-(N^-liexaittelliylene)annloride 5 

5-(N^ST-Diethyi)a2niloride hydrochloride, 

6Jodoamiloride, 

Bodipy-*FL amiloride, 
15 3-hy^xy-5^6x^ 

5-(4-fluorophenyl)amiloride, 

5-tert-btUylarnino-amiloxide, 

N-amidincn3-amino-5-ph^ 

3- methoxy-5-(N^-Hcxamelhylene)-amilotide, 

20 3-methoxy-amiloride> 

hexamethylendmino-6-phenyl-^ 

N-amidino-3,5-diammo^ 

l-naph£hoylgaaindine t 
. 2-naphthoylgaanidin^ 
25 N-(2-naphth6yl^ 

N^-bis(2-n^hthoyl)gnaaidiiie, 

N^J*-bis(l-n^lithoyl)gnanidiho, 

N,]ST-bis(2-n^ « " 

• e-metlioxy^-naphthoylguanidine^ 
30 3-qninoIinoylguanidine, 

cinnamoylguanidine, 

4- phenylbenzoylguanidi&e, 
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N^ciimamoyl)-N I plienylguaiiidine > 

(S-pheaaylpropano^guamdiiie, 

N^-bi$<riimamoyl^^ 
NK3-phenylpropmoyl)-]Sr-ph^ylguanidine 5 

5 N>$M>is(3pbenyIp^ 

trans-3-furanacryoylgoanidine, 

N-(6-Hy<ta>xy^ 

(4-Phenoxybejizoyl)gaanidiiiD, 

N^-BisCamidino^apthalen^^-dicarboxamide, 

10 ^'-Cimamoyl-N^ 

(^hmylacetyl)gxianidine, 
N^-BisCS-phetiylpmpanoyOguarddioe, 

benzoylguanidine, 
(^CUoTOph^xy-acetylJguanidine, 

- IS" N-benzoyl-NNci^^ ^ ' T ~*~ 

[(E)--K4-Dimethyl^ 
(4-CMoiDCtoamoyl)gnarudine, 

(4-MeihoxycinnamoyI)guairidine, 
20 (5-Pheayl«pmta-2,4^ettoyl)guanidine, 

(3-Bmmoaimamoyl)guanidine, 
(3-Methoxycimiatnoyl)^aiiidiiic, 

(3-CUotoci^Qamoyl)guanidm ' 
(2-Chlomcimamoyl)giiatxidine, 

25 (2-Bn>mocnmam^ 

(2-Methoxycipnamoy^^ 

' (trans-2-PhOTylcycIo^^^ 
[3_(3,p J ^dyl)^ryloyl]guamdin& > 

(4-HydroxyciiniamQyl)guanidiiie, 

30 (QxiinoliBe-2-carbonyl)guanidin^ . 

or pharinaceutically acceptable salts thereof. 
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According to a thirteenth aspect, the present invention provides a pharmaceutical 
composition comprising a compound according to the twelfth aspect, and optionally 
one or more pharmaceutical acceptable carriers or derivatives. . ■ 

" Preferably, the pharmaceutical composition may further comprise one or more 
known antiviral compounds or molecules. 

Unless the context clearly requires otherwise, throughout the description and 
the claims, the words Comprise*, 'comprising', and the like are to be construed in an 
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the 
sense of "including, but not limited to" 



r 



10 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic representation of plasnrids used for expression of Vpu in 
K coli. A. The amino arid sequence ( < 400 > 1) encoded by the vpu open reading 
frame (ORF) generated hy PCR fiom an HIV-- 1 strain HXB2 cDNA clone. The vpu 
OSS was cloned in-frame at the 3' end of the GST gene in p2GEX to generate 
15 p2GEXVpu (B). It was subsequently cloned into pPL451 to produce the plasmid pPL 

* 

. 4-Vpu(Q. 

Figure 2 is a photographic representation of the expression and purification of Vpu in 
K coli. A. Western blotting after SDS-P AGE was used to detect expressed Vpu in B. 
coli extracts. Lanes 1-4 contain samples, at various stages Of purity, of Vpu expressed 

20 from p2GBXVpu: lane 1, GST-Vpu fusion protein isolated by glutathione-agarose , 
affinity chromatography; lane 2, Vpu liberated fiom the fusion protein by treatment 
with thrombin; lane 3* Vpu purified by HPLC anion exchange chromatography; lane 
4, Vpu after passage through the inmunoaffinity column. Lanes 5 and 6, membrane 
vesicles prepared fiom 42*C induced cells containing pPL+Vpu orpPL451 , 

25 respectively. B. Silver stained SDS-PAGE gel: lane 1, Vpu purified by HPLC anion 
exchange chromatography; lane 2, Vpu after passage through the immimoaffinity 
column. 

Figure 3 is a graphical representation of ion channel activity observed after exposure 
of lipid bilayers to aliquots containing purified Vpu. In A and B, the CIS chamber 
30 contained 500mM NaCl and the TRANS chamber contained 50mM NaCl; both 
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solutions were buffered at pH 6.0 with 1 0 mM MES. B shows a current versus 
voltage curve generated from data similar to that shown in A. 

Figure 4 is a photographic representation of bacterial cross-feeding assays. For all 
plates, the Mef , Pro" auxotrophic strain was used to seed a soft agar overlay* Plates A 

• „ • 

5 and B contain minimal drop-out medium minus proline; in plate C the medium was 
rmnng methionine. To control for viability of the ceils in the background lawn, the 
discs labelled P and M contained added proline or methionine, respectively. Hie discs 
labelled C and V were inoculated with Met*, Pro"** R colt cells containing the 

I a 

plasmids pPL45 1 or pPL+Vpu, respectively." Plates were incubated at 3 7°C (A and C) 

■ * 

10 or 30°C (B) for two days and photographed above a black background witli peripheral 
- illumination from a fluorescent light located below the plate. The images were 
recorded on a Novaline video gel documentation system. light halos around the discs 
labelled P or M on all plates and around the disc labelled V on plate A indicate 
. growth of the background lawn strain. — _ _ , i 

♦ 

15 Figure 5 is a graphical representation of the. screwing of drugs for potential Vpu 
channel blockers* The photograph shows a section of a minimal medium-lackhig 
adenine - agarose plate onto, which a lawn of XLrl-blue & colt cells containing the 
Vpu expression plasmid pPLVpu has been seeded. Numbers 6-1 1 are located at the 

■ 

sites of application of various drugs being tested, which were applied in 3^1 drops and 
20 allowed to soak into the agarose. The plate was then incubated at 37°C for 4Shr prior 
to being 'photographed. The background grey shade corresponds to areas of no 
bacterial growth. The bright circular area around "10" represents bacterial cell 
growth as a result of application of adenine at that location (positive control). The 
smaller halo of bacterial growth around "9" is due to the application of 5-(N,N- 
25 hexamethjdene)-amiloride at that location*. 

* 

« 

Figure & S ARS B protein ion channel activity observed in NaCl solutions after 

■ * * 

exposure of lipldbilayer to 3-lO^g of E protein. A. The closed state is shown as solid 
line, openings are derivations from the line. Scale bar is 300ms and 5pA. The CIS 
30 chamber contained 50mM NaCl in 5tnM HEPES buffer pH 7.2, the TRANS chamber 
contained 5GQmM NaCl in 5mM HEPES buffer pH 7.2. The CIS chamber was . 
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■ 

earthed and lie TRANS chamber was held at various potentials between -1 00 to 
-HQOmV. B. Largest single opening events of a single channel. 

Figure 7. SARS B protein ion channel activity observed in NaCl solutions after 

m * 

5 exposure of lipid bilayer to 3-lQjig of E protein. A, The closed state is shown as solid 
line, openings are derivations from the line. Scale bar is 3QGms and SpA. The CIS 
chamber contained SOmM NaCl in 5mM HEPES buffer pH 7.2, the TRANS chamber 

■ • 

contained 500mM NaCl in 5mM HEPES bufferpH 7.2. The CIS chamber was 
earthed and the TRANS chamber was held at various potentials between -1 00 to 

10 +100mV, B. Largest single opening events of a single channel. 

* . . . ■. 

m 

m 

Figure 8- Cinnamoylguanidine (Bit03d) inhibits SARS E protein ion channel activity 
in NaCl solution. A, Representative currents at holding potential of -^tOmV, Scale bar 
is 30QmS and 5p A E protein ion channel activity and E protein channel activity after 
the addition of 100pM Bit036. B. All points histogram at holding potential of - 
15 40mV. E protein ion channel activity before and after the addition of lQOfiM Bit036. 

■ * 

C, Average current (pA), before formation of E protein ion channel, E protein ion 
channel activity and after addition of 1 OQpM Bit036* 

Figure 9 229E E protein Ion channel activity in lipid bilayers in KC1 solutions. 

Figure 10: Part A shows raw currents generated by the 229E-E protein ion channel 
20 in a planar lipid bilayer. . The top trace shows current activity prior to drug addition 
and the lower trace shows the effect of addition of lOQ^M cinnamoylguanidine on 
channel activity. Part B is a graphical representation of the average current flowing 
across the bilayer (m arbitrary units), before and after addition of 
. cinnamoylguanidina 

« ♦ 

* 25 Figure 1 1 : MHV E protein Ion channel activity in lipid bilayers NaCl solutions. 

■ 

Figure 12: Part A shows raw currents generated by the MHV-E protein ion channel 
in a planar lipid bilayer. The top trace shows current activity prior to drug addition 
and the lower trace shows the effect of addition of lOOpM cinnamoylguanidine on 
30 channel activity Part B is a graphical representation of the average current flowing 



WO 2004/112687 PCT/AU2004/0 00866 

* 

-43- . 

across the bilayer (in arbitrary units), before and after addition of 
cinnamoylguanidine. 

DETAILED DESCRIPTION OB" THE INVENTION' 

The present invention is based* in part,' on the surprising determination that 
5 certain compounds that fell under" the classification of substituted acylguanidines have 

■ 

antiviral activity against viruses from a range of different virus families. Without 
intending to be bound by any particular theory or mechanism of action, the negative 
impact of flie compounds of the present invention on viral replication may be 
mediated by the inhibition or otherwise down-regulation of a membrane ion channel 
10 relied upon by the virus for replication. This membrane ion channel may be a viral 

* 

membrane ion channel (exogenous to the host cell) or a host cell ion channel induced 
as a result of viral infection (endogenous to the host cell)* 

As an example, the compounds of the present invention may inhibit Vpu or p7 
fhoction and thereby "is^it^ c^&imtfdn of We're^Stive HIV or HCV lifeTcyble. 
15 The SARS virus encodes an E protein which, is shown for the first time, by the 

present inventors, to act as an ion channeL As similar E proteins are present in other 
coronaviruses, the compounds, compositions and methods of the present invention 
would have utility in the inhibition and/or treatment of infections by other 

coronaviruses. 

» • 

20 While the present invention is concerned with novel antiviral compounds 

falling under the classification of substituted acylguanidines^ it does not include in its 
scops the use of compounds 5-(N^-hexamethylene)aimloTide and 5-(N,N-dlmethyl)- 
amiloride for retarding* reducing or otherwise inhibiting viral growth and/or 

25 It will be understood by those skilled in the art that the compounds of the 
invention may be administered in the- form of a composition or formulation 

* 

comprising pharmaceutical^ acceptable carriers and excipients. 

The pharmaceutical compositions of the invention may further comprise one or 
more known antiviral compounds or molecules. Preferably, the known antiviral 

■ * 

30 compounds are selected from the group consisting of Vidarabine, Acyclovir, 
Ganciclovir, Valgandclovir, Valacyclovir, Cidofovir, Famciclovir, Ribavirin, 
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Amantadine, Rimantadine, Interfe ro n, Oseltamivir, Palivizumab, Rimantadine, 
Zananrivir, nucleoside-analog reverse transcriptase inhibitors (NRTI) such as 
Zidovudine, Didanosine, Zalcitabine, Stavudine, Lamivudine and Abacavir, non- 
nucleoside reverse transcriptase inhibitors (NNRTT) such as Nevirapine, Delavirdine 
5 * and Efavirenz, protease inhibitors such as Saquinavir, Ritonavir, Indinavir, , 
Nelfinavir, Amprenavir, and other known antiviral compounds and preparations* 

* 

Known antiviral compounds or molecules may in some cases act synergistically with 
the antiviral compounds of the invention. 

* 

10 . Table 1 Known coronavirus isolates 

..... 

Group 1 species . : - J 

Canine coronavirus ■ >. | 

~' Canine enteric coronavirus (strain INS AVC-1) I 

Canine enteric coronavirus (strain K378) 
Feline coronavirus 

... .. \ Feline enteric coronavirus (strain 794683) — I 

Feline infectious peritonitis virus (FEPV) . J 

Human coronavirus 229E I 
Porcine epidemic diarrhea virus \ J 

Porcine epidemic diarrhea virus (strain Br 1/87) 1 
Porcine epidemic diarrhea vims (strain CV777) ; I 
Transmissible gastroenteritis vims 1 
Porcine respiratory coronavirus ' I 

~~ Porcine transmissible gastroenteritis coronavirus (STRAIN FS772/70)] 

. Porcine transmissible gastroenteritis coronavirus (strain Miller) 1 
Porcine transmissible gastroenteritis coronavirus (strain Neb72-RT) I 
Porcine transmissible gastroenteritis coronavirus (STRAIN PURDUE)] 
~~ Group 2 species . | 

~~ Bovine coronavirus | 

Bovine coronavirus (STRAIN Fl 5) 
~ 7 ' . Bovine coronavirus (strain G95) , 1 

° : Bovine coronavirus (STRAIN £9) 

Z ] Bovine coronavirus (strain LSU-94LSS-QS1)- . I 

~ Bovine coronavirus (STRAIN LY-138) 

Bovine coronavirus (STRAIN MBBUS) 

Bovine coronavirus (strain OK-OS 14-3) , 1 

~ . Bovine coronavirus (strain Ontario) , 1 

Bovine coronavirus (STRAIN QUEBEC) [ 
Bovine coronaviras (STRAIN VACCINE) 1 J 

. Bovine enteric coronavirus (strain 98TXSF-nO-ENT) 
Canine respiratory coronavirus I 
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Chicken enteric coronavirus 

Human coronavirus OC43 ; 

Murine hepatitis virus ; 

Murine coronavirus (strain DVJM) 

Murine hepatitis vims (strain A59) 

; Murine hepatitis virus (strain JHM) ; 

Murine hepatitis virus (strain S) : ._ 

. Murine hepatitis virus strain l . . . _ 

Murine hepatitis vims strain 2 

Murine hepatitis virus strain 3 

Murine hepatitis vims strain 4 

Murine hepatitis vims strain ML-1 1 - :. 

Porcine hemagglutinating encephalomyelitis virus ^ 

Porcine hemagglutinating encephalomyelitis virus (strain 67N) 

Porcine hemagglutmating encephalomyelitis virus (strain IAF-4Q4) 

Pnffinosis vims . • . ; 

Rat coionavirns „ . . 

Rat coronaviros (strain 681) 

Rat coronavirus. (strain NT) ._. 

t Rat sialodacayoadenitis cdropaviros^^^^-^-^ - - - 

Group 3 species . . 

Turkey coronavirus : 

Turkey coronavirus (strain Indiana) ; 

Turkey coronavirus (strain Minnesota) 

Turkey coronavirus (strain NC95) ' : . 

Avian infectious bronchitis virus _ 

Avian infectious bronchitis virus (STRAIN 6/82) 

Avian infections bronchitis virus (strain Arkansas 99) 

Avian infectious bronchitis vims (strain Beaudette CK) 

Avian infectious bronchitis vims (strain Beaudette M42) 

Avian infectious bronchitis vims (strain Beaudette US) 

Avian infectious bronchitis virus (strain Beaudette) 

Avian infections bronchitis virus (strain D1466) 

Avian infectious bronchitis virus (strain P274) 

Avian infectious bronchitis virus (strain D3896) 

Avian infectious bronchitis vims (strain D41) " • 

Avian infectious bronchitis virus (strain DE072) 

Avian infectious bronchitis virus (strain GRAY) . 

Avian infectious bronchitis virus (strain H120) 

Avian infectious bronchitis virus (strain H52) . ^ . , 

Avian infectious bronchitis virus (strain KBS523) ; . 

Avian infectious bronchitis virus (strain M41) . 

Avian infectious biorichitis virus (strain PORTUGAL/322/82) 

Avian infectious bronchitis virus (sixain SAJDB2Q) 
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I Ayiaa iofe^tious "bronchitis virus (strain UK/123/82) 

, Avian- infectious bronchitis virua . (strain UK/1 42/86) 

Avian infectious bronchitis virus (strain UK/1 67/84) 
I Avian infectious bronchitis virus (strain UK/1 83/ 66) 

| Avian infections bronchitis virus (strain UK/68/84) 

[ Avian infectious bronchitis virus (strain VI 8/91) 

Avian infectious bronchitis virus (strain Vic S) . 

[ Avian infectious laryngotracheitis virus : . 

Preliminary Group 4 species . ; 

[ S ARS coronavirus ; 

SARS cordhgvirusBdiiog ZY>-2dQ3 

SARS coronavirus BJ01 . 

SARS coroxiavirus BJ02 

SARS coionavirus BJ 03 ' 

SARS coronavirus B JQ4 . 

SARS coronavirus CUHK-SulO ; 

SARS coronavirus CU HKrWl , 

. . ■ m ; — — ■■ 1 — • 

SARS coionavirus Frankfurt 1 . : 

SARS coronavirus GZ01 • 

SARS coronavirus HKU-39849 - - 

SARS coronavirus Hong Koftg ZY-2003 

SARS coronavirus Hon^Kon^03/2Q03 

SARS coronavirus HSR 1 

SARS coronaviros Sin25Q0 \ ' 

SARS coronaviros Sin2677 

SARS coronavirus Sin2679 

SARS coionavirus Sin2748 . 

SARS coronavirus Sin2774 

SARS coronavirus Taiwan _ 

SARS coronavirus Taiwan JC-2003 

SARS coronavirus Taiwa n TCI . 

SARS coronavirus Taiwa n TC2 . . 

S ARS corouavims Tor2 

SARS c^navirns TW1 . 

SARS coroxiavirus TWC : '-. 

S ARS corouavifus Urbani ; 

SARS coronavirus Vietnam _ , ; 

SARS wroniavinisZJ^HZQl . . . 

SARS coronavirus ZSOX . . . 

unclassified cQronavfroses , . _ ■ 

Bovine respiratory coi^avinis (strain 98TXSFrl 1 0-LUN) 

Human enteric coronavirus 4408 " 

Enteric coronavirus 

Equine coronavirus . . 



• 
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I . Equine coronavirus NC99 

♦ * 

The present observations and findings now permit the use of agents such as 
certain substituted acylguanidines, as anti-viral agents for the therapy and prophylaxis 
of viral conditions caused by different viruses. The methods and compositions of the 
5 present invention may be particularly effective against viruses which rely on ion 
channel formation for their replication, however it win be understood that this is not 
the only mechanism .relied on by viruses for replication and that the compounds and 
methods of the present invention are not limited to agents which exert their action by 

• * 

- retarding or inhibiting the function of ion channels. 
10 Reference to ."membrane ion channel" should be understood as a reference to a 

structure which transports ions across a membrane. The present invention extends to 
ion channels which may function by means such as passive, osmotic, active or 
exchange transport. The ion channel may be formed by intracellular or extracellular 

* * * 

, __ r means. For example, thejon .channel may be. an ion channel which is naturally formed 

15 by a cell to facilitate its normal functioning. Alternatively, the ion channel may be 
formed by extracellular means. Extracellular means would include, for example, the 
formation of ion channels due to introduced chemicals, drugs or other agents such as 
ionophores ox due to the functional activity of viral proteins encoded by a virus which 
has entered a celL 

20 The ion channels which are the subject of certain embodiments of the present 

4 

invention facilitate the transport of ions across membranes. Said membrane may be 
any membrane and is not limited to the outer cell wall plasma membrane. 
Accordingly, "membrane" as used herein encompasses* the membrane surrounding 
any cellular organelle, such as the Golgi apparatus and endoplasmic reticulum, the 

25 outer cell membrane, the membrane surrounding any foreign antigen which is located 

-. ~ • { - 

within the cell (for example, a viral envelope) or the membrane of a foreign organism 
which is located extracellularly. The membrane is typically, but not necessarily, 
composed of a fluid lipid bilayer. The subject ion channel may be of any structure. 
For example, the Vpu ion channel is foimed by Vpu which is an integral membrane 
30 protein encoded by fHV-1 which associates with, for example, the Golgi and 

endoplasmic reticulum membranes of infected Cells. Reference hereinafter to iC Vpu 
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ion channels" is a reference to all related ion channels for example P7 HCV and M2 

r 

of influenza and the like. 

Reference to "HIV", "SAR3'\ "Coronavirus" or CC HCV" shoidd he understood as 
a reference to any HIV, SARS, Coronavirus or HCV virus strain and including 
5 homologies and mutants. 

Reference to the "functional activity" of an ion channel should he understood as 

• * 

/ a reference to any one or more of the functions which an ion channel performs or is 

. . - 

involved in. For example, the Vpu protein encoded ion channel, in addition to 
facilitating the transportation of Na\ K 4 ; CT and T?0*\ also plays a role in the ' 
10 degradation of the CD4 molecule in the endoplasmic reticulum. Without wishing to 
be hound by a particular theory, the Vpu protein encoded ion channel is also thought 

* : * . * * 

• to play a role in mediating the HIV life cycle. The present invention is not limited to 
treating HIV infection via the mechanism of inhibiting the HIV life cycle and, m 
particular, HIV replication. Rather, the present invention should be understood to . 
IT enromp ass anjT inecESiism by wHcS"thecbmpounds ofthe present fSv^Bttion exert 

■ * 

their anti-viral activity and may include inhibition of HIV viability or functional 
activity. This also applies to HCV, Corcmaviruses, and to other viruses. 

Reference to the "functional activity" of a virus should be understood as a 
reference to any one or more of the functions which a virus performs or is involved 
20 in. 

Reference to the w viral replication" should be Understood to include any one or 
more stages or aspects of the viral life cycle, such as inhibiting the assembly or 
release of virions. Ion channel mediation of viral replication maybe by direct or 
indirect means. Said ion channel mediation is by direct means if the ion channel 
25 interacts directly with the virion at any one or more of its life cycle stages. Said ion 

channel mediation is indirect if it interacts wifli a molecule other than those of the 

■ 

virion, which other molecule either directly or indirectly modulates any one or more 

aspects or stages of the viral life cycle. Accordingly, the method of the present 

*. * , . ■ * 

invention encompasses the mediation of viral replication via the induction of a 
30 cascade of steps which lead to the mediation of any one or more aspects or stages of 
the viral life cycle. 
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Reference to "down-regulating 1 ion channel functional activity, should he 
understood as a reference to the partial of complete inhibition of any one or more 
aspects of said activity by both direct and indirect mechanisms. For example, a 
suitable agent may interact directly with an ion channel to prevent replication of a 
5 virus or, alternatively, may act indirectly to prevent said replication by, for example, 
interacting with a molecule other than an ion channel. A further alternative is that 
said other molecule interacts with and inhibits the activity of the ion channel 

* 

Screening for molecules that have antiviral activity can be achieved by the range 
of methodologies described herein* 

« 

10 . Reference to a "cell" infected with a virus should be understood as a reference to 
any cell, prokaryotic or eukaryotic, which has been infected with a virus. This 
. includes, for example^ immortal or primary cell lines, bacterial cultures and cells in 
situ. In a suitable screening system for antiviral compounds, the preferred infected 
cells would be macrophages/monocytes or hepatocytes/lymphoid cells infected with 

15^-edaterHIV or HGV 1 respectively.-— — — ■ — — ■ - - 

Without limiting the present invention to any one theory or mode of action, 
the compounds of the present invention are thought to inhibit viral replication or 

♦ 

• 

virion release from cells by causing ion channels, namely VPU of HIV, the E protein 
of SARS and other Coronavfruses, or P7 of HCV to become blocked. The present ' 
■ 20 invention encompasses antiviral compounds that are substituted acylguanidines. 

* • 

The present invention also includes the use bf compounds 5-(N,N- 
haxamethylene)axnfloride and 5-(N^-dimethyl)-ainiloride hi the control of viral 
replication and/or growth other than HIV. 

The subject of the viral inhibition is generally a mammal such as but not 
25 limited to human, primate, livestock animal (e.g. sheep, cow, horse^ donkey, pig), 
companion animal (e.g. dog, cat), laboratory test animal (e.g. mouse, rabbit, rat, 
guinea pig, hamster), captive wild animal (e.g. fox, deer). Preferably, the subject is a 
human or primate. Most preferably, the subj ect is a human, 

* 

The method of the present invention is useful in the treatment and prophylaxis 

i 

30 of viral infection such as, for example, but not limited to HIV infection, HCV 
infection and other viral infections. For example, the antiviral activity may be 
effected in subjects known to be infected with HIV in order to prevent replication of 
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« 

HTV* thereby preventing the onset of AIDS. Alternatively, the method of the present 
invention may be used to reduce serum viral load or to alleviate viral infection 

■ 

symptoms. Similarly, antiviral treatment may be effected in subjects known to be - 
infected with, for example, HCV, in order to prevent replication of HCV, thereby 
5 preventing the further hepatocyte involvement and the ultimate degeneration of liver 
tissue. 

The method of the present invention may be particularly useful either in the 
early stages of viral infection to prevent the establishment of a viral reservoir in 
affected cells or as a prophylactic treatment to be applied immediately prior to or for 
10 a period after exposure to a possible source of virus. 

Reference herein to "therapeutic"* and "prophylactic" is to be considered in 
their broadest contexts. The term 'therapeutic 41 does not necessarily imply that a 
mammal is treated until total recovery* Similarly, "prophylactic 11 does not necessarily 
mean that the subject will not eventually contract a disease condition* Accordingly, 
15 - tKe^py md prophyliras fflclM 

condition or preventing or otherwise reducing the risk of developing a particular 
condition. The term "piophylaxis"*may be considered as reducing the severity of 
onset of a particular condition. Therapy may also reduce the severity of an existing 
condition or die frequency of acute attacks, 
20 Jn accordance with the methods of the pieseut invention, more than one 

* 

compound or composition may be co-administered with one or more other 
compounds, such as known anti-viral compounds or molecules. By "co- 
administered" is meant simultaneous administration in the same formulation or in two 

* ■ 

different formulations via the same or different routes or sequential administration by 
25 the same or different routes. By "sequential" administration is meant a time difference 
of from seconds, minutes, hours or days between the administration of the two or 
more separate compounds* The subject antiviral compounds may be administered in 
any order. " v 

Routes of administration include but are not limited to intravenously, 
30 mtraperitionealy, subcutaneously, intracranialy, intradennally, intramuscularly, 
infraocularly, intrathecaly, intracerebrally, intranasally, transmucosally, by infusion, 
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orally* rectally, via iv drip, patch and implant Intravenous routes are particularly 
preferred. 

* 

Compositions suitable for injectable use include sterile aqueous solutions 
(where water soluble) and sterile powders for the extemporaneous preparation of 
5 - sterile injectable solutions- The carrier can be a solvent or dispersion medium 
• containing, for example, water, ethanol, pofyol (for example, glycerol* propylene . 
glycol and liquid polyethylene glycol, and the like), suitable mixtures thereof and 
vegetable oils. The prevention of the action of microorganisms can be brought about 
by various antibacterial and antifungal agents, for example, parabens, chlorobutanol, 
1 0 phenol, sorbic acid, thirmerpsal and the like. In many cases* it will be preferable to 
include isotonic agents, for example, sugars or sodium chloride. Prolonged absorption 
of the injectable compositions can be brought about by the use inthe compositions of 
■ agents delaying absorption* for example, aluminum monostearate and gelatin. 
Sterile injectable solutions are prepared by incorporating the active 
— 15~ ~ compounds in the"required amount m the appropriate solvent with various of the other 
ingredients enumerated above, as required, followed by, for example, filter 
sterilization or sterilization by other appropriate means. Dispersions are also 

contemplated and these may be prepared by incorporating the various sterilized active 

* 

ingredients into a sterile vehicle which contains the basic dispersion medium and the 
20 required other ingredients from those enumerated above, hi the case of sterile 
powders for the preparation of sterile inj ectable solutions, a preferred method of 
preparation includes vacuum drying and the freeze-drying technique which yield £ 
powder of the active ingredient plus any additional desired ingredient from a 
previously sterile-filtered solution. * 
25 When the active ingredients are suitably protected, they may be orally 

administered, for example, with an inert diluent of with an assimilable edible carrier, 
or it may be. enclosed in haid or soft shell gelatin capsule, or it may be compressed ' 
into tablets. For oral therapeutic administration, the active compound may be 
incorporated with excipients and used in the form of ingestible tablets, buccal tablets, 
30 troches, capsules, elixirs, suspensions, syrups, wafers, and the like. Such 

compositions and preparations should contain at least 0.01 % by weight, more 
preferably 0.1 % by weight, even more preferably 1% by weight of active compound. 
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The percentage of the compositions and preparations may, of course, be varied and 

■ 

may conveniently "be between about 1 to about 99%, more preferably about 2 to about 
90 %> even more preferably about 5 to about 80% of the weight of the unit The 
amount of active compound in such therapeutically useful compositions in such that a 
5 suitable dosage will be obtained. Preferred compositions or preparations according to 
the present invention are prepared so that an oral dosage unit form contains between 
about 0. 1 ng and 2000 nig of active compound 

The tablets, troches, pills, capsules and the like may also contain the 
components as listed hereafter: A binder such as gum, acacia, com starch or gelatin; 
■ 10 excipients such as dicalcium phosphate; a disintegrating agent such as com starch, 
potato starch, algmi c acid and the like; a lubricant such as magnesium stearate; and a 
sweetening agent such as sucrose, lactose or saccharin may be added or a flavouring 
agent such as peppermixit, oil of wintergreen, or cherry flavouring "When the dosage 
unit form is a capsule, it may contain, in addition to materials of the above type, a 
15 liquid 6Sm6f. Vmow6^Sms£mei^m^ be jplreseht as boatings of to otherwise 
modify the physical form of the dosage unit. For instance, tablets, pills, or capsules 
may be coated with shellac, sugar or both A syrup or elixir may contain the active 
compound, sucrose as a sweetening agent, methyl and propylparabens as 
preservatives, a dye and flavouring such as cherry or orange flavour. Any material 
20 used in preparing any dosage unit form should be pharmaceutical^ pure and 

♦ 

substantially non-toxic in the amounts employed. In addition, the active compound(s) 
may be incorporated into sustained-release preparations and fbrmulatioflS- 

The present invention also extends to forms suitable for topical application 
such as creams, lotions and gels. In such forms, the anti-clotting peptides may need to 
25 be modified to permit penetration of the surface barrier. Procedures for the 

preparation of dosage unit forms and topical preparations are readily available to 
those slatted in the art from texts such as Pharmaceutical Handbook A MartinddJe 
Companion Voltime EdAinley Wade Nineteenth Edition The Pharmaceutical Press 
London, 

30 CRC Handbook of Chemistry and Physics Ed. Robert C. WeastPh 2X CRC Press 
Inc.; Goodman andGilman's; Tiie Pharmacological basis of Therapeutics. Ninth Ed 
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McQraw Hill; Remington; crnd The Science and Practice of Pharmacy. Nineteenth 
■ Ed. Ed. Alfonso & Gennaro Mack Publishing Co. Easton Pennsylvania. 

Pharmaceutical^ acceptable carriers and/or diluents include any and all 
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and 
5 absorption delaying agents and the like. The use of such media and agents for 
pharmaceuticatly active substances "is well known in the art Except insofar as any 
conventional media or agent is incompatible with the active ingredient, use thereof in 
the therapeutic compositions is contemplated. Supplementary active ingredients can 
also be incorporated into the compositions* - 

■ 

10 It is especially advantageous to formulate parenteral compositions in dosage 

unit form for ease of administration and uniformity of dosage. Dosage unit form as 
used herein refers to physically discrete units suited as unitary dosages for the 
mammalian subjects to be treated; 'each unit containing a predetermined quantity of 

■ • 

active material calculated. to produce the desired therapeutic effect in association with 
. 15 - the reQuii^ pharmaceutical earner; 1^ 

■ • * 

of the invention are dictated by and directly dependent on (a) the unique 
characteristics of the active, material arid the particular therapeutic effect to be 
achieved and (b) the limitations inherent in the art of compounding. 

Effective amounts contemplated by the present invention will vary depending 

■ * 

20 ori the severity of the pain and the health and age of the recipient In general terms, 

effective amounts may vary from 0.01 ng/kg body weight to about 100 mg/kg body 
weight 

i 

Alternative amounts include for about 0. 1 ng/kg body weight about 100 . 
mg/kg body weight or from 1 .0 ng/kg body weight to about 80 mg/kg body weight 
25 The subject of the viral inhibition is generally a mammal such as but not 

limited to human, primate, livestock animal (e*g. sheep, cow, horse, donkey, pig), 
companion animal (e.g. dog, cat), laboratory test animal (e.g. mouse, rabbit rat 
guinea pig, hamster), captive wild animal (e.g, fox, deer). Preferably, the subject is a 
human or primate. Most preferably, the subject is a human. 

» 

30 The methods of the present invention is useful in the treatment and 

* * 

prophylaxis of viral infection such as, for example, but not limited to HTV infection, 
HCV infection and other viral infections. For example, the antiviral activity may be. 
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effected in subjects known to be infected with HIV in order to prevent replication of 
HIV thereby preventing the onset of AIDS. Alternatively, the methods of the present 
invention may be used to reduce serum viral load of to alleviate viral infection 
symptoms. Similarly, antiviral treatment may be effected in subjects known to be 
5 infected with, for example, HCV, in order to prevent replication of HCV, thereby 

■ 

preventing the further.hepatocyte involvement and the ultimate degeneration of Uver 
tissue. 

The methods of the present invention may be particularly useful either in the 
early stages of viral infection to prevent the establishment of a viral reservoir in 
10 affected cells or as a prophylactic treatment to be applied immediately prior to or for 
a period after exposure to a possible-source of virus. 

The present invention will now be described in more detail with reference to 
specific but non-limiting examples describing studies of viral membrane ion channels 
and screening for antiviral activity. Some examples involve the use of the SARS 
1 5 virus. It will be clear from the d^cription herein that other lOTtiviruses, and * 
coronaviruses and other compounds may be used effectively in the context of the 
present invention. Jt is to be understood, however, that the detailed description is 
included solely for the purpose of exempliiyittg the present invention. It should not be 
understood in any way as a restriction on the broad description of the invention, as set 
20 out above. 

Example 1. Synthesis of the Compounds of the Invention. 

« * ■ 

The compounds of the present invention may be made from the corresponding 
acid chlorides or methyl esters as shown in Scheme 1. Both of these methods are well 
described in the literature*. 

O O NH Q 

x — x x - — X 



acid chloride acylgaaaidine esfer 

Scheme 1 



r 



f 



25 
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The following examples show synthetic schemes for some compounds of the 
invention. 

* * 

Example 2. Synthesis of Ctnnamoylgaaiiidme from Cmnamic add Chmamovl 
chloride 





10 



15 



To a solution of tratts-chwaimc add (1.50 g, 1 0. 1 2 tnmol) in dry benzene 

m * 

(30mL) containing a drop of ACiV^imethylfomiainido was added oxalyl chloride 
(5.14 g, 40.5 mmol) causing the solution to effervesce. After reflmdng for 2 h, the 

solution was evaporated to dryness under reduced pressure. The resulting solid was 

..... . . . . 

dissolved in dry tetrahydrofiirari (20mL) and added slowly to a solution of guanidine 
hydrochloride in 2M aqueous sodium hydroxide (25mL). The reaction was stirred at 
room temperature for lh then extracted with ethyl acetate (3x50mL). The combined 
extracts were dried over magnesium sulfate and evaporated to give an orange oil; The 
crude product was purified by column chromatography. Elution with 10% to 20% 
methanol in dichloromethane gave Cinnomoylguanidine as a cream solid (0.S29 g, 
43%). , 



Example 3 



20 Synthesis of N"amidigo-3-amino^-DhenvI-6-chloro-2-p\^azineearboxamide . 
Part 1 





25 



To a solution of methyl 3-arnino-5,6^cMoro-2-pyra2toecarboxylate (0.444 g, 
2.0 mmol) in tetrahydrofuran (5 mL) / water (10 mL) / toluene (20 mL) was added 
phenyl boronic acid (0.536 g, 4.4 mmoI)> sodium carbonate (0.699 g> 6.6 mmol) and 
tetrakis(tripheaiylphosphine)- palladium(0) (0. 1 16 g, 0. 1 0 tnmol). The reaction was 
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* 

evacuated and purged with nitrogen several times before being refluxed for 6 h. The 
organic layer was separated and the aqueous layer extracted with toluene (3 x 20 txiL) 
The combined organic extracts .were dried over magnesium sulfate, filtered and 
evaporated -under reduced pressure to give methyl 3-atnino-6-cldoro-5- 
phenyl-2~pyrazinecarboxylate as a yellow solid (0.43 g, 82%). 



10 



15 



20 



25 



Part 2 




methanol 




To a solution of sodium (0.040 & 1.74 mmol) dissolved in methanol (5 mL) 
was added guariidine hydrochloride refluxed 
for 30 T rrrrt after which it was filtered To the filtrate was added methyl 3-amino-6- 



cMor^S-^^^ g, 1-0 mmol) inN f N- 

dimethylfoimamide (5 mL) and the solution heated at 75oC for 12 h. The solvent was 
removed under reduced pressure and the residue chromatographed on silica gel 
elutirig with 1 % triethylamine / 5% methanol / dicHoromethane. The resulting solid 
was suspended in chloroform, filtered and dried under high vacuum to give N- 
Amidina-3-amino-5-phenyl-6-chioro-2~pyrazinew as a yellow solid (0.04 



Example 4, 

[thesis of hexametihvleneimiwn'^phen vl-2-pyrazinecarboxamide 



Part 1 




-O 



o 



To a solution of methyl 3-amino-5,6-dicMoro-2-p3^azinecafboxylate (1 ,1 1 g> 
5.0 mmol) in tetrahydrofuran (50 mL) was added hexamethyleneimine (1.49 g, 15.0 
mmol) and the reaction was refluxed for 1 h. The reaction was allowed to cool and 
the solid hexamethyleneimine hydrochloride removed.by filtration. The filtrate was 
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evaporated and the residue chromatographed over silica gel. Elution with 
dichloromethane gave methyl 3-ammo-6-chloro-5-hexamethyleneimino-2- 
pyrqshiecarboxylate a$ an off-white solid (1.20 g, 85%). 



5 Part 2 



10 



15 



o 




DMSO 




To a solution of methyl 3-aminb-6-cUoro-5-liexamethyleneinrino-2- 
pyrazinecarboxylate (0.350g, 1.23 mmol) in dimethylsulfoxide (5 mL) was added 
phenyl boronic acid (0.166 & 135 mmol), potassium carbonate (0.511 g, 3.70 mmol) 

* 

and [l,r-bis(diphenylphosphino)fOT^ 

complex (0.041 g, 0.05 mmol). The reaction was heated at 90 o C for 16 h before being 
poured into water (50mL) and extracted with, ethyl acetate (3 x 5QmL). The combined 
extracts were dried over magnesium sulfate, filtered and evaporated to give a brown 
oil winch was purified by chromatography on silica gel. Elution with 
dichloromethane followed by 10% ethyl acetate/dichloromefhane gave methyl 3- 
amino-5-kexameihyleneimino-6-phenyl-2-pyra^ as a yellow solid 

(0.309 ft 77%). 



20 



25 



Part 3. 





To a solution of sodium (0.090 g, 6.17 mmol) dissolved in methanol (8 mL) 
was added guanidine hydrochloride (0.598 g, 6.26 mmol) and the mixture was 
refluxed for 30 min after which it was filtered. To the filtrate was added methyl 3- 

♦ 

amino-5-hexamethylendmino^phen^ (0.310 g, 0.95 mmol) 

in tetrahydrofuran (10 mL) and the solution refluxed for 72 h. The solvent was 
removed under reduced pressure atxd the residue chromatographed on silica gel. 
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Elation with 5% methanol/dicMoromethane gave N-amidmo-3-amino-5' 

hexametJtyleneimino-6-phenyl-2-pyramnec<frbo as a yellow solid (0. 1 1 6 g, 
35%). 



5 Example 5, Viral Studies 

Construction of recombinant plasmids containing open reading frames encoding 
various virus proteins* 

Complimentary DNA (cDNA) fragments for the various viral proteins listed 
in Table 2 were obtained either by PCR amplification from a parental virus genome 
10 ' clone, or by direct chemical synthesis of the polynucleotide sequence. For example, 
the open reading frame encoding Vpn (Fig la) was amplified by PCR from a cDNA 
clone of an Nde I fragment of the HIV-1 genome (isolate HXB2, McFariane Burnet 
• Centre, Melbourne, Australia) as follows: Native PfU DNA polymerase (Stratagene; 
0.035 U//D) was chosen to catalyse the PCR reaction to minimise possible PCR 
15 introduced errors by virtue of the enzyme's proofreading activity. The 5\ sense, 
primer 

AGT AGGATCCA TGCAACCTATACC (< 400 > 2) introduces a BamHl site 
(underlined) for cloning in-frame with the 3* end of the GST gene in p2GEX (41). 
This primer also repairs the start codon (bold T replaces a Q of the vpn gene which is 
20 a threonine codon in the HXB2 isolate. The 3*, antisense, primer 

TCTGGAATTLTACAGcATCAT CAAC (< 400 > 3) introduces an EcoRl site 
(underlined) to the other end of the PGR product to facilitate cloning. After 30 cycles 
of 94°C for 45 sec, 55°C for 1 min and 72°C for 1 min in 0.5 ml thin-walled 
eppendorf tubes in a Perkin-Elmer thermocycler, the 26Sbp fragment was purified* 
25 digested with BamHl and EcoRl and ligated to p2GEX prepared by digestion with the 
same two enzymes. The resultant recombinant plasnrid is illustrated in Fig lb. The 
entireVpu opien reading frame and the BamHl and EcoRl ligation sites were 
sequenced by cycle sequencing, using the Applied Biosystems dye-terminator kit, to 
confirm the DNA sequence* Other cDNAs were synthesised for us using state of the 
30 art methods by GenScript Corporation (New Jersey, USA). Codon sequences were 
optimised for expression in bacterial, insect or mammalian cells, as appropriate. 
Restriction endonuclease enzyme recognition sites were incorportated at the 5* and 3* 
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ends of the synthetic cDNAs to facilitate cloning into pjasmid expression vectors, 
pcDNA3.1> pFastBac and pPL451 for expression of the encoded virus proteins in. 
mammalian, insect or bacterial cells, respectively. 

5 Standard techniques of molecular biology were used in cloning experiments. For 
example, to prepare the Vpu oped reading frame for insertion into the pPL451 
expression plasraid, p2GBXVpu was first digested with Bam HI and the 5* base 
overhang was filled in the Klenow DNA polymerase in the presence of dNTPs. The , 
Vpu-encoding fragment was then liberated by digestion with EcoRl, purified from an 
10 agarose gel and ligated into pPL45 1 which had been digested with Hpal and EcoRL 
Western blots subsequently confirmed that the pPLVpu construct (Fig lc) expressed 
Vpu after induction of cultures at 42°C to inactivate the cIS57 repressor of the PR and 
PL promoters. 

* 

Table 2 Source of viral cDNA or peptide sequences. 



Target Protein 


Source organism 


Strain or Sequence 
Accession number 


Vpu 




strain HXB2 


SARS-CoV E protein 


SARS coronavirus 


P59637 


HCVp7 


Hepatitus C virus H77 la 


NP 751922 


MHV-E protein 


Murine hepatitis virus 


NP 068673 


229E E protein 


Human coronavirus 229E J 


NP 073554 


Dengue M protein 


Dengue virus type 1 . | 


Strain Singapore S275/90 



Example 6« Purification of Recombinant Vpu from E» Colt 

* 

Cultures of K coli strain XIZ-blue cells containing p2GEXVpu were grown at 30°C 

with vigorous aeration in LB medium supplemented with glucose (6g/L) and 

■ 

20 ampicilKn (50mg/L) to a density of approximately 250 Klett units, at which time 
IPTG was added to a final concentration of O.OtmM and 'growth was continued for a 
further 4hr- The final culture density was approximately 280 Klett units. Since early 
experiments revealed that the majority of expressed GST-Vpu fusion protein was 
associated with both the cell debris and 30 membrane fractions, the method of 

» 

25 Varadhachary and Maloney (Varadhachary and Maloney, 1 990) was adopted to 

* • 

■ 

isolate osmotically disrupted cell ghosts (combining both cell debris and membrane 
fractions) for the. initial purification steps. Cells were harvested, washed, weighed and 
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resuspended to lOml/g wet weight inMTPBS containing DTT (LuM) and MgCl 2 
(IGmM). Lysozyme (0.3 mg/ml; chicken egg white; Sigma) was added and incubated 
on ice for 30 min with gentle agitation followed by 5 min at 37°C. The osmotically 

« 

sensitised cells were pelleted at 12,000g and resuspetided to the original volume in 
5 water to burst the cells. The suspension was then made up to IxMTPBS/DTT using a 
lQx buffer stock and the ghosts were isolated by centri&gation and resuspended in 
MTPBS/DTT to which was then sequentially added glycerol (to 20 % wi/vol) and 
CHAPS (to 2 % wt/vol) to give a final volume of one quarter the original volume. 

* 

This mixture was stirred on ice for 1 hr and then centrifuged at 400,000g for Ihr to 
10 remove insoluble material. The GST-Vpu fusion protein was purified from the 

detergent extract by affinity chromatography on a glutathione agarose resin (Sigma), 

* - 

The resin was thoroughly washed in 50mM Tris pH 7.5 containing glycerol (5 %), 
DTT (ImM), and CHAPS (0.5 %) (Buffer A) and then the Vpu portion of the fusion 
protein was liberated and eluted ffom the resin-bound GST by treatment of a 50% 
15 (v/v)sii^e^ . 
(0.5mM) was added to the eluatnt to eliminate any remaining thrombin activity. This 
Vpu fraction was further purified on a column of MA7Q anion exchange resin 
attached to a BioRad HPLC and eluted with a linear NaCl gradient (0-2M) in buffer 
A. 

20 The Vpu was purified to homogeneity - as determined on silver stained gels - on an 
immunoaffinity column as follows: HPLC fractions con taining Vpu were desalted on 
a NAP 25 column (Pharmacia) into buffer A and then mixed with the antibody- 
agarose beads forlhr at room temperature. The beads were washed thoroughly and 
Vpu was eluted by increasing the salt concentration to 2M. Protein was quantitated 

25 using the BioRad dye binding assay. 

■ 

Example 7. Expression and Fnrificatfon of Vpu in E,CoIi, 
The plasmid p2GEXVpu (Fig. 1) was constructed to create an in-frame gene fusion 
between the GST and Vpu open-reading frames. This system enabled IFTG-inducible 
30 expression of the Vpu polypeptide fused to the C-terminus of GST and allowed 

purification of the fusion protein by affinity chromatography on glutathione agarose. . 



WO 2004/112687 PCT/AU20 04/00 0866 



• • » - 



-61- 

Optimal levels of GST-Vpu expression were obtained by growing the cultures at 
30°C to a cell density of approximately 250-300 Klett units and* inducing with low 
levels ofPTG (O.OlmM). To purify the GST-Vpu, a combined cellular fraction 

* • 

containing the cell debris and plasma membrane was prepared by lysozyme treatment 



5 of the induced cells followed by a low-speed cenlrifugatioiL Approximately 50% of 
the GST-Vpu protein could be solubilised from this fraction using the zwitterionic 
detergent CHAPS- Affinity chromatography using glutathione-agarose beads was 
used to enrich the fusion protein and-tfrrombni was used to cleave the fusion protein 
• at the high affinity thrombin site between the fusion partners, liberating Vpu (Fig. 
10 v 2A). In fractions eluted from the anion exchange column Vpu was the major protein 
C ' visible on silver stained gels (Fig. 2B, lane 1). Finally, Vpu was purified to apparent 

homogeneity on an immuhoafSnity column (Fig. 2B, lane 2). TheN-terminal amino 
acid sequence of the protein band (excised from SDS-PAGE gels) corresponding to 
the immimodetected protein confirmed its identity as Vpu. 



• - 

Example 8, Rgcongfituflog of Vpn in Phospholipid Vesicles* 
Ptoteoliposotnes containing Vpu were prepared by the detergent dilution method 
(New, 1990). A mixture of lipids (PE:PC:PS; 5:3:2; lmg total lipicT). dissolved in 
chloroform was dried under a stream of nitrogen gas and resuspended in 0.1 ml of 
20 potassium phosphate buffer (50mM pH 7.4) containing DTT (ImM). A25pl aliquot 
containing purified Vpu was added, followed by octylglucoside to a final . 
( concentration of 1 . 25 % (wt/vol). This mixture was subject to three rounds of 

freezing in liquid nitrogen, thawing and sonication in a bath type sonicator (20-30 
sec) and was then rapidly diluted into 200 volumes of the potassium phosphate buffer. 

* ■ 

25 Proteoliposomes were collected by centrifugation at 400,000g for lhr and resuspended 
in approximately 1 50^1 of phosphate buffer. 

Example 9, Assaying Vpn Ion Channel Activity 



• > 



■ • 

Purified Vpu was tested for its ability to induce channel activity in planar lipid 
bilayers using standard techniques as described elsewhere (Miller, 1986; and Piller et 
30 al, 1996). The solutions in the CIS and TRANS chambers were separated by a 
. Delrin™ plastic wall con taining a small circular hole of approximately 100[un 
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diameter across which a lipid bilayer was painted so as to form a high resistance 
electrical seal. Bilayeis were painted from a mixture (8:2) of palmitoyl-oleoly- 
phosphatidyl-ethanolamine and pahnitoyi-oleolyphosphatidyl-choHne (Avanti Polar 
lipids, Alabaster, Alabama) in n-decane. The solutions in the two chambers 
5 contained MES buffer (1 OmM, pH 6.0) to which various NaCl or KCl concentrations 
were added Currents were recorded with an Axopatch™ 200 amplifier. Hie electrical 

> * 

potential between the two chambers could be manipulated between *A2Q0mV 
(TRANS relative to grounded CIS); Aliquots containing Vpu were added to the CIS 
chamber either as a detergent solution or after incorporation of the protein info 
10 phospholipid vesicles; The chamber was stirred until currents were observed. 

Example 10. Vpu Forms Ion Channels in Lipid Bilayers. 

: 1 ' • 

To assay for ionrchaimel formatian by Vpu, reconstitution into planar lipid 
bilayers was performed* When samples (containing between 7 and 70ng of protein) of 
purified recombinant Vpu were added to the lml ofbuffer in the CIS chamber of the 

1 5 bilayer apparatus, current fluctuations were detected after periods of stirring that 
varied from 2 to 30 min (Fig. 3). This time taken to bbserve channel activity " 
approximately correlated with the amount of protein added to the chamber. No 
channels were detected when control buffer aliquots or control lipid vesicles were 
added to the CIS chamber. In those control experiments the chambers could be stirred 

20. for more than an hour without appearance of channel activity. 

Example 11« Properties of The Vpu Channels. 

Channel activity was observed in over 40 individual experiments with Vpu 
. samples prepared from five independent purifications. In different experiments, the 

m m * » 

amplitude of the currents varied over a large range and. again, seemed to 

• • « 

• i * i - . . " 

* - - ; . f - . 

25 approximately correlate with the amount of protein added. The smallest and largest 
channels measured had conductances of 14 pS and 280 pS, respectively. The channels 
were consistently smaller when lipid vesicles containing Vpu were prepared and 
fused to the bilayer rather than when purified protein in detergent solutioh.was added. 
This may be because lie former method included treatment with high concentrations 

30 of detergent and a dilution step that may have favoured the breakdown of large 
aggregates into monomers. 
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The relationship between current amplitude and voltage was linear and the 
reversal potential in solutions containing a ten-fold gradient of NaCl (50QmM CIS; 
50mM TRANS) was -KJOmV (Fig. 3B). A similar reversal potential was obtained 
when solutions contained Kd instead of NaCL In 5 experiments with either NaCl or 
5 KCI in the solutions on either side of the membrane the average reversal potential 
was 3 1.0 .2mV (+ASEM). This is more negative than expected for a channel 

• selectively permeable for the cations alone. Using ion activities in the Goldman- 

. ... 

Hodgkin-Katz equation gives a IWS\?1 ratio of about 5-5 indicating that the channels 

• are also permeable to chloride ions. An attempt was made to reduce the anion current 
10 by substituting phosphate for chloride ions. When- a Na-phosphate gradient (15QmM 

Na* & lOOmM phosphate CISj 15mM Na* & lGmM phosphate TRANS, pH 6-8) was 
used instead of the NaCl gradient, the reversal potential was 37,1 ■+/- <X2 (+/-SEH 
n-2) again indicating a cation/anion permeabflity-ratiQ of about 5. (For calculations 
involving the phosphate solutions, the summed activities of the mono and bivalent 
- • 15- anions were used and it was assumed that die two species were equally permeable). 
The current-voltage curve now exhibited rectification that was not seen in the NaCl 
solutions. It can be concluded that the channels formed by Vpu are equally permeably 
to Na + and K + and are also permeable, though to a lesser extent, to chloride as well as 
phosphate ions. 

* 

20 Example 12. Bacterial Bjo^Agsav for Screening Potential Ion Channel-Blocking 
Drugs, 

This bio-assay is based on the observation that expression of Vpu in K coli 
results in an active Vpu channel located in the plasmalemma that dissipates the 
transmembrane sodium gradient As a consequence of this Vpu channel activity, 

25 metabolites whose accumulation within the cells is mediated by a sodium dependent 
co-transporter (for example proline or adenine) leak out of the cell faster than they 
can be synihesised so that the metabolites' intracellular levels become limiting for 
growth of the cell. Thereby, an & coli cell expressing Vpu is unable to grow in 
minimal drop-out media lacking adenine or proline. However, in the presence of a 

30 drug that blocks the Vpu channel, the cell is once again able to re-establish its 
* transmembrane sodium gradient - due to the action of other ion pumps in the 
membrane - and the leakage of metabolites is prevented enabling growth. 
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Bxperiments to demonstrate that Vpu can form sodium channels in the plasma 
membrane of B. cott were performed as follows* 

To express unfiised Vpu in E. coli, the vpu open-reading frame was cloned 
into the plasmid pPL451 to create the recombinant plasmid pPL-Vpu (Fig. lb). Ih this 
5 vector the strong Pl and Pr lambda promoters are used to drive expression of Vpn . 
under control of the temperature sensitive cl857 represser, such that when grown at 
30°C expression is tightly repressed and can be induced by raising the temperature to 

• * 

between 37°C and 42*C. On agar plates, cells containing pPL-Vpu grew when 
incubated at 30°C aid 37°C but not at 42°C, while control strains grew well at 42°C. 
1 6 Liquid cultures of cells containing pPl>Vpu were grown at 30°C to OD6oo,=0-84 then 

■ * « * 

moved to grow at 42°C for two hours (the final cell density was OD6oor=0-75). The 
plasma membrane fraction was prepared and western blotting, using an antibody that 
specifically binds to the C-tenninus of Vpu, detected a single band at approximately 
16&Da* in^patm^ (Fig. 
15 2A>.lane5). 

Example 13, Cross -Feeding Experiments Reveal That Proline Leaks jDnt of Cells 
Expressing Vpu: 

Uptake of proline by K coli is well characterised and active transport of the 

* 

amino acid into the cells is known to use the sodium gradient as the energy source 
20 (Y amato etal^l 994). To detect whether proline leakage occurs, the following cross- 
feeing assay was used; A lawn of an K coli strain auxotrophic for proline and 
methionine (Met" Pro"), was seeded and poured as a soft agar overlay on minimal 
drop-out media plates lacking proline but containing methionine. Sterile porous filter 
discs were inoculated with a Met 4 * Pro* strain (XL-1 blue) containing either the 
25 pPL45 1 control plasmid or pPL-Vpu and placed onto the soft agar. The plates were 
then incubated at 37°C or 30°C for two days. After than tune a halo growth of the 
Met" Pro" strain was clearly visible surrounding the disc inoculated with the cells . 
containing pPL-Vpu incubated at 37°C (Fig. 4A). This growth can only be due to the 
leakage of proline from the Vpu-expressing cells on the disc. No such leakage was 
30 apparent from the control strain at 37°C nor around cither strain on plates grown at 
30*C (Fig. 4B). 
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* 

la contrast to proline transport* the E. coJi methionine permease is known to 
belong to the ABC transporter family (Rosen, 19S7) and hence be energised by ATP, 
Identical crossfeeding experiments" to those described above were set us except that 
the Met" Pro" strain was spread on minimal drop-put plates lacking methionine but 
5 containing proline. No growth of this strain was evident around any of the discs (Fig. 
4C) 9 indicating that methionine was not leaking out of the XL-1 blue cells even when 
Vpu was being expressed* 

Example 14* ]5.Coli Cells Expressing Vpn Reqnire Adenine in the External 
Medium for Growth* 

10 It was observed that, due to an uncharacterised mutation in tile adenine 

* 4 • 

synthesis pathway, growth of E. coli cells of the XLI-blue strain expressing Vpu at 
37°C was dependant on the presence of adenine in the medium. This allowed the 
development of an even simpler bioassay for Vpu ion-channel activity than the 
proline cross-feeding assay described above: A lawn of XLl-blue cells containing the 

1 5 pPE-Vpu plasimd is seeded onto an agarose plate lacking adenine m the medium, 

♦ 

small aliquots of drugs to be tested for inhibition of the Vpu channel are spotted onto 
the agarose in discrete locations and the plates are incubated at 37°C for a suitable 
period of time (12-36 hours). Halos of growth around a particular drug application 
site indicate that the drug has inhibited expression of the Vpu ion channel activity that 

* ■ 

20 prevents growth in the absence of the drug, (Figure 5). 

■ ■ 

Example 15 

Assay of Compounds in Planar Lipid Bilavers for Vpu Channel Blocking . 
Activity 

25 Comopuhds were characterized for their ability to block Vpu ion channel 

* * 

activity reconstituted into planar lipid bilayers, Vpu N-terminal peptide (residues 1- 
. 32) dissolved in trifluoroethanol was added to the CIS chamber of the bilayer 

i • 

apparatus and the solutions was stirred until ion currents were observed, indicating 
incorporation of one or more Vpu ion channels into the bilayer- After recording the 

» 

* • 

30 channel activity for a few minutes, drugs were added to the solutions in the CIS and 
TRANS chambers — with stirring - to a final concentration of lOOf^M. Channel 
activity was then recorded for at least a further three minutes and the effect of drug 
addition on ion current was determined by comparing the channel activity before and 



WO 2004/112687 • PCT/AU2004/0 00866 

-66- 

'after drag addition. For each experiment, drag effect was classified into four 

• * 

categories: "Stong block", if current was inhibited approximately 90-100%; "weak 
block", approx. 50-90% inhibition; 'partial block", <50%; and "no effect . 
. Experiments were disregarded if currents larger than ±50pA were generated after 
5 addition of Vpu N-peptfde because in such cases it is possible that non-native peptide 
aggregates contribute to bilayer breakdown. Siich aggregates, by virtue of their 
disorganized structure may not be specifically blocked by the drags at the 
concentrations tested. 

10 Table 3 summarises the results of the bilayer experiments. A novel outcome of these 
experiments was the strong blocking of Vpu channels observed with Phenamfl. 
Phenamilhas a phenyl group derivative at the guanidine group of amiloride, 

Amfloride itself is hot a blocker of Vpu, whereas addition of the hexamethylene 

■ 

group at the 5- position of the pyrazine ring created a structure (HMA) that blocks the 

■ * * * 

IS channel at coral^^ These iwre^ 

however, now show that a bulky hydrophobic derivative at the opposite end of the 
molecule can also turn amiloride into an effective Vpu channel blocker. Interestingly, 
benzamil, with a very similar structure was much less effective at blocking the Vpu 
channel. 

* * 
* i 

20 

Table 3: Summary of Compounds Inhibiting the Vpu Ion Channel in Bilayers 



Compound 

• 


No. of 


Results 


Expts. 




Phenamil 


3 


3x Strong block 


MIA 


2 


. lx Strong block; lx weak 


Benzaxnil 


10 


3x partial block; 7x no effect 


EIPA 


3 


3x weak block; 


HMA. 

* 


1 


lx Strong block; 


(S-Phenyl-penta^^-dienoy^guamdine 


6 


6x strong block 


6-methoxy'2-naphthoylguarndine 


5 


5x strong block 


(2-Qdorocmnamoyl)gii am' din e 1 


6 


4x strong; 2x partial blocks 


3-(trifluoromethyl)cinnamoylguarttdhie 


5 


4x strong blocks; lx no effect 
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N- {5-[3-(S-GuaiiidiQo-p6ntyloxyiiiethyl> 
benzyloxy] -p entyl} -guanidine 

4- phenylbenzoylguanidine 

3-methylGmnamoyIguatiidine 

■ 

(3-(^orociimamoyl)guamdine 

N-^-phenylpfopanoyQ-N 1 - 

phenylguanidine 

(3-BiDmocinnamoyl)guanidiae 

54ert-butylainina-a^bride 

N-airddino-3-toiino-5-pIienyl-6-chloro-2- 

pyrazmecarbpxamide 

3^ethoxy«HMA 

5- (N-Methyl-N-isobutyl)amiIoride 
5-(K-EtJiyl-N-isopiopyl)aiidloride 

2-naptfroylguamdhie 

N^-bis(3phenyfcropanoyl)-N"- 
phbnylgnanidine 

cinnamoylguamdine 



4 
3 
4 
4 

1 

3 
3 

3 
3 
1 
I 
7 

7 
3 



3x strong block; lx no effect 
3x strong block 
2x strong block; 2x partial 
2x strong block; 2x partial 

lx strong blocks 

3x partial-strong block 

3x partial block 

3x partial block 
3x partial block 
lx partial block 
lx partial block 
7x weak block 



7x weak block 
3x weak block 
6x strongblocfr 



10 



Example 16 Compound Screening using the Bacterial Bio-Assavfor the Vpu 
protein* 

The halos of growth around the site of application of particular drugs — as 
described in example 14— were given a score between zero and six reflecting the size 



•4 









strong inhibition of the Vpu protein; scores between 1 .5 and 3. represent moderate 
inhibition and scores between 0.01 and 1.5 represent fair inhibition* 

■ 

Table 4 lists the scores for inhibition of Vpu protein in the bacterial bio-assay. 



Table 4 



Compound 



(3-CWorocinnamoyl)guamdine 
(3-Bromocmnamoyl)gimnidine 
[2-CMojx>cimiamoyl)guanidixie 
(2-Bromocinnam6yl)guanidine 
3 -(taifluoromethyQc^amoylgiianidine 



Vpu Inhibition 
(score / # of times 
tested) 



438/4 

4.3/24 

4.0/4 

3.7/2 

3.7/2 
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>-bromo-2-fIuorocirmamoylgiianidine 
-methylcijmamoylgu^oidine 

rlguanidiae 
^3-dimefiiylciimamoyl^aiiidnie 
;innamoy]guanidine 
f-methoxy-2-naphthoylguaiiidin0 

-3-(l-napthyl)aCTyloylgaarddine 
^4H3icMorociimamoylguanidiae 
^6-dichIorociimamoyIguaiudirie 
-phenylb enzoylguanidine 

!-ethylcinnamoylguanidine 
|(4-CMorocimiamoyl)gua2iidine 
1-napthpylguaaidine 
^5~dime^yIci^m^oylgua^dillo 
^isopropyldiuiaiiioylguaiiidine hydrochloride 
[5-Phmyl-penta-2,4-dieno^ 

l-ph^yidonamoylgiianid^ie 
|C4-Bromddiin^oyl)guaitidiiie 
7^3-bromophenyI)pehta-2^4-dienoylguamdine 
-(cyclphex-l-^-l-yl)ciiinamoylguaiiidine 
(-(trLfluoiomefho:^ • 
Htrifluotomet^ 
W-bis(3phenyterop^ 
'^thoxyciimamoylguaiiidiiie 
H3-phenylpropam^ 
(triflnoromethyl)ciimamoylguaiiidiae 

" t guatddine • 

^t-bxrtylcnm^ 



lamoylguanidltte 
-fltioiociniiamoylguanidiae 
-phenylcinnamoyiguanidine 
'-(6-Hydroxy-2-naptiioyl)-N'-plienylguamdiiie 
-t-bntylciiinambyigaamdine 
,4-^uorocunwtnoylgjiamdine 
^J^hexamethyIene)amfloride 
-fluorocinnamoylguaiiidine 
-bromo-2-medioxycinnamoylguaiiidiiie 
^thoxycinnamoylguanidine 
,4-(metiiyleiiedioxy)ciiinamoylguaiiidiiie 

2~Mefhoyy cinTiani nyl)giT»nfdiTiR 

•4 DicfiiIoroB«izamil HC1 

^2-napfoyQac^loylguanidine 
-(I -napthyQacetoylguaoidine 
^-difluorocmnamoylguanidine 
(3rMeihoxyc±mamoyl)guanidiiie 
4-isopropylcannamoylguanidine 
2,4,6-trimethyleinnamoylguanidme 



3.5/2 
3.4/2 
3.1/2 
3.1/2 
2.96/12 
2.9/4 
2.9/3 
2.9/3 
2.88/2" 
2.75/5 
2.75/2 
2.7/5 
2.7/11 
2.69/2 
2.6/2 
2.56/2 
2.54/3 
2.5/4 
2.5/2 
2,5/2 
2.44/2 
2.4/2 1 
2.25/3 
2.25/2 
2.21/3 

2.13/3 



2.13/2 
2.1/2 
2.1/2 
2.1/2 
2.06/2 
2.06/2 
2.06/2 
1.9/31 
1.9/2 
1.9/2 
1.9/2 
1.88/2 
1.7/4 
1.7/2 
1.6/2 
1.56/2 
1.56/2 
1.56/2 
1.52/6 
1.4/2 
1.4/2 



r 



( 
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N-(ciimamoyl)-NVi™ylguaiiidiiie 
2-(cyclohex-l -eii- 1 yl)cinnamoyIguanidine 
2-(2-napfhyl)acetoylguanidine 
C4^Hy<^oxyciimamoyl)guanidiQe 
4~pheaiyicnmamoylguanidiiie 

4- fluorocinnamoylguanidine 

tf^-bis^cii^ 
(2-FuranacryIoyl)guarddiiie 

Phenamil methattesuftbnate salt 

Benzamil hydrochloride 

(3-MtDOciimamoyl)guaDidiQe - 

Benzyoylguanidine 

(4-Ph€^oxybeixzoyl)guanidine 

3 -(trans-h ep t- 1 -en- 1 -yl) ciimamoyl guanidine 

5- (N-Mdhyl-N-isobi^l)amiIoride 
2-cyclohe^lcimamoylguaiiidine 

4- ethoxycimamoylguanidiiic 
2,4-dicMoradJinamolygnaiiidine ■ 

5- (N-Efhyl-N-i$^ 
N-amidino-3-amhio*5-hexainefliylene: 

2-pyraziiiecarboxamide 
(a-MethylciiiQamoyl)guaiiid{ii.e* - - — 
cinnamoylguanidine hydrochloride 
[(4-CWorophenoxy-ac^l]guaiiidiiie 
N-amidino-3-aii3mo-5-phenyl-6-chloro-2- 

pyxazinecafboxamide 
S-(4-fluorophenyl)amiloride 



nun 



o-6-phenyl- 



(trans-2-Phenylcyclopiopanecarbonyl)guatiidiae 

(2-Nitrocinnamoyl)guanidine 

trans-3-Fuxanacryoylguanidine 

1 -napthoylguaoidine 

5-tert-butylamind-aiiiiloride 

3- meth.oxy -HMA 
(3-phenylpropanoyl)guanidine 

4- t-bulylcinnamoylguamdine 

5- (N^SI-Dime1iiyl)aaiiloricte hydrochloride 
NT,W-Bis(3-pheiiylpropanoyl)guaiiidine 
N-Benzoyl-N'-ciiinamoylguanidiiie 
l-brom.o-2-naptkoylguanidine 



1.25/3 
1.2/2 
1A9/2 
1.1/2 
1.1/2 
1.1/2 
0:94/2 
0.94/2 
0.9/5 
0.9/3 
0.9/1 
0.88/2 
0.81/2 
0,81/2 
0.8/2 
0.8/2 
0.69/2 
0.63/2 
0i6/3 

0.6/2 
.- 0.6/2 
0.6/2 
0.5672 

0.5/11 
0.4/6 



0.4/2 
0.4/2 

0.38/2 
0.3/2 
0.2/7 
0.2/4 
0-2/4 

0.19/2 
0.1/2 
0.1/2 

0.06/2 

0.06/2 



Example 17. Effect of Compounds on HIV Replication in Huma n Monocytes and 
Macrophages. 

Human monocytes were isolated from peripheral blood and cultured either for 
24hr (one day old monocytes) or for 7 days to allow differentiation into monocyte 
derived macrophages (MDM). These cells were then exposed to cell-free preparatiops 
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of HIV isolates and allowed to absorb for 2hr before complete aspiration of the 
medium, washing once with virus-free medium and resuspension in fresh medium. 
The cells were exposed to various concentration of compound either 24 hr prior to 
infection or after infection. Subsequent HIV replication, at various times after 
5 infection, was compared in cells exposed to drugs and in cells not exposed to drugs 
(controls). The progression and extent of viral replication was assayed using either an 
BOV DNA PCR method (Fear et al, 1998) or an ELISA method to quantitate p24 in 
culture superuatents (Kelly et al, 1998)* 

Table 5 provides examples of results obtained using this assay and test 

■ • 

10 antiviral compounds. 



Table 5 





Dru<z 


1 Percent of 1 




Conq. 


I Positive 1 


1 Compound 




I Control 


None -positive control 




100% 


1 4-phenylbenzoylgiianidine 


10 


1 26 


5 


4 


2.5 . 


9 


1. 


216 


0.625 


10 


1 None — positive control 




100% 


1 (3-Bromocumamoyl)gaanidine 

■ 

L * 


10 


3 


5 


1 1 


2.5 | 


19 


1.25 


59 


0.625 | 


116 


1 None - positive control 


1 

* 1 


100% 


3-(trifluoro- 


10 


11 


inethyl)cirmamoylguanidine 


5 


8 


* 

• 

■ 


2.5 


25 


1.25 ' 


27. 




0.625 


38 


None - positive control 




100% 


5-(N,N- . 


10 


6 


hexamethylene)amiloride 


5 


21 




2.5 


50 




1.25 


19 




0.625 


30 |. 
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" Example 18. SARS Cbronavirns. 

m 

SARS E protein forms an ion channel 
Peptide Synthesis • • 

A peptide ccaxespondiiig to the .full-length S ARS-CoV (isolate Tor2 and 
• 5 Urbani) E protein (MYSFVSEETGTJUVNSV^^ 

YCOSIIVNVSLVKPTVYVYSRVI^ and a second peptide 

comprising the first 40 amino acids of the full length E protein which correspond to 
the transmembrane domain (k^FVSEETGTLI^^ 

LLVTIAILTALRLC) were synthesized manually using FMOC chemistry and solid 
10 phase peptide synthesis The synthesis was done at the Biomolecular Resource 
Facility (John Curtin School of Medical Research, ANU, Australia) using a 
Symphony^Peptide Synthesiser from Protein Technologies lnc.(Tucson, AZ, USA) 

* 

according to the manufacturers instructions. 

Example 19* Peptide purification _ r ._ 

1 5 Mass spectral analysis of the synthetic peptide revealed that the preparation 

contained significant amounts of material with lower rn/z ratio than expected for the 

' fiill-length product The majority of these are presumably truncated peptides 

generated during the peptide synthesis process* To enrich the full-length E protein, 

the following procedure was used, which relies on differential solubility of the 

20 smaller ttiolecules and fiill-length peptide. The crude preparation was suspended at 12 

mg/ml in 70% CEbCN, 0. 1%TFA and vortexed for 1 0 minutes. This suspension was 

centrifuged at 10,000g for 10 minutes at 20°C. The supernatant was discarded and 

the insoluble fractious was extracted with 70% CH3CN, 0.1% TFA, as above, two . 

more times. The insoluble material containing the E protein was dried using 

25 Speedvac an the weight of the final product was used to calculate the yielcL The 

• • • ' i 

purified peptide was analysed by Bruker Qmniflex MALDI-TOF mass spectrometry 
in HABA matrix at 2.5mg/ml in methanol at a 1 :1 ratio and spectra were obtained in 
the positive linear mode. A clear peat at m/z ratio- of 8,360. 1 was seen as expected for 
the calculated molecular weight of full-length B protein and 44223 for the N-tenninal 
30 E protein. 
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Example 20. Planar Lipid Bilavers 

The SARS virus B protein was resuspended at ImgAnl in 2,2,2-trifluoroethanoL The 
SARS virus B protein's ability to form ion channels was tasted on a Warner (Warner 
instruments, lac, 1 125 Dixwell Avenue, Haraden, CT 06514) bilayer rig as follows; A 

* 

5 lipid mix of 3:1:1, l-Palmitoyl-2-oleolyl phosphatidyl Ethanolamine: l-Palmitoyl-2- 
oleolyl phosphatidyl Serine: l-Pahnitoyl-2-oleolyl phosphatidyl choline in CHC1 3 

- * 

was dried under N 2 gas and resuspended to 5ftmgfed in n-decane. Bilayers were 
painted across a circular hole of approximately IQOym diameter in a Delrin™ cup 
separating aqueous solution in the CIS and TRANS chambers. The CIS chamber 
ID contained a solution of 500mM NaCl or KCU in a 5mM HEPES buffer pH 72 9 the 
TRANS chamber contained a solution of SQmM NaCl or KC1, in a 5mM HEPES 
buffer pH 7-2. Silver electrodes coated in chloride with 2% agarose bridges are placed 
in the CIS and TRANS chamber solutions. The SARS E protein full-length or N- 
tenninal peptides (£-1 Dug) were added to the CIS chamber, which was stirred until 
- 15- - channel activity was detected: -The CIS chamber was- earthed and the TRANS ~ 

* * * 

chamber was held at various holding potentials ranging between +100 to — lOOmV. 

* • 



Currents were recorded using a Warner model BD-525D amplifier, filtered at 1kHz, 
sampling at 5 kHz and digitally recorded on the hard disk of a PC using software 
developed in house. 

20 Drugs to b e tested for their ability to inhibit SARS E protein ion channel 

activity were made up at SQmM in a solution of 50% DMSO: 50% methanol For 
experiments testing the ability of compounds to inhibit E protein ion channel activity, 

■ 

100 pM to 400 jiM of compound was added to the CIS chamber while stirring for 30 
seconds. Bilayer currents were recorded before channel activity, during channel 
25 activity and after the addition of the drug. 

Among the compounds tested was cinnamoylguanidine (Bit03 6)> a compound 
which was shown in earlier experiments to be antiviral and to inhibit ion channel 
proteins from other viruses. 

Example 20 J. Polvaervlamlde gel electrophoresis 

30 Purified B protein was dissolved to 1 mg/ml, 5 mg/ml and 10 mg/ml in, 6 M 

Urea, 10% Glycerol, 5% SDS, 500 mM DTT, 0.002% Bromophenol Blue, £2-5 mM 
Tris HC1 (pH 8.3). Peptides in solutions were heated at 1 00°C for 20 minutes before 



■ 
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* 

30 \xL samples were run on stacking gel 4-20% (Gradipore). SeaBlue® pre-stained 
standard (Tavitrogen) was used for molecular weight markers. 

Example 20.2 Results . 

To test ifthe SARS B protein forms ion channels the purified synthetic 
5 peptide was reconstituted into planar lipid bilayers* (21). Typically, 3^g of SARS 

• _ 

full-length E protein was added to the CIS chamber* while stirring. This CIS chamber 
contained 500 mMNaCl and the TRANS chamber contained 50 mM NaCl. In 60 
experiments, ion currents due to SARS E protein ion channel activity were observed 
after about 5 —IS minutes of stirring. Activity was detected more rapidly and reliably 
10 with a holding potential of approximately — lOQmV across the bilayer. Currents 

recorded at -lOOmV, (A) and at -60mV (B) in one of these experiments are shown in 
. Figure 6. In that experiment the reversal potential was about +48mV and the channel 
conductances were calculated to be 52pS and 26pS, respectively. This indicates that 
the current-voltage (IV) relationship' is not linear. In ten other experiments, where no 
1 5 protein was added to the CIS chamber, no ion channel activity was detected, even 
after recording for over 1 hour. 

Figure 7a shows typical current traces recorded oyer a range of potentials in NaCl 
solutions. In that experiment the direction of current flow reversed at +48mV (Fig 

* 

7b). The IV curve shows that at the lower voltages the average current flow across the 
20 hilayer is small but at higher potentials there is an increase in average current across 
the bilayer, resulting in a non-linear IV relationship, hi seven independent 
experiments, the average reversal potential was +48,3 ± 2,3 mV (mean ± 1SEM), 
indicating that the channels were about 37 times more permeable to Na+ ion than to 
CI" ions. The reversal potential is close to the Na+ equilibrium potential (+53mV) > 
25 therefore the channel is selective for Na+ ions. For these 7 experiments the channel 
conductance varied between 95-164 pS; the average conductance was 130 ± 13 pS. 
SARS E protein ion channel is slightly less selectivity for K + ions than Na* ions. 
* Figure 8b shows recording of currents in KC1 solutions at a range of potentials. In 
this experiment the currents reversed at +31 mV. In seven similar experiments E 
30 protein ion channel average reversal potential was +34.5 ± 23 mV. Therefore the 
SARS E protein ion channel is about 7.2 times more permeable to K + ions than CT 
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ions. In seven experiments, the channel conductance varied ranging between 24-166 
pS, the average conductance was 83.4 ± 26 pS. 

Similar results were obtained with a second synthetic peptide, which corresponded to 
the first forty N-teaninal amino acids of the SARS E protein '^-terminal peptide" 
5 (21). The average reversal potential in NaCl solution in four experiments was +46.3 ■ 
± 2.5 mV, indicating that the ion channel formed by N-tenninal peptide is about 25 
times more permeable to Na+ ion than to C1-" ions. The SARS E protein N-tenninal 
peptide was sufficient for the formation of ion channels with properties like those of 
the full length SARS E protein- therefore, the selectivity filter for the S ARS E 
10 protein is most likely contained within the first forty amino acids of the N-tenninal. 
SARS E protein N-tenninal peptide also formed ion channels in KC1 solution that 
were similarly r selective for K+ ions compared to the full-length E protein, hi five 
independent experiments the average channel reversal potential was +39.5 ± 3.6 mV, 
• therefore the channel is* about 1 1 times more permeable to K + ions than Cr ions. 
" "IS^SBS-PAGEofthepimfied^ 

to the full-length Eprotein (Data not shown). Larger bands of varying size up to 
about 20 fcDa were detected* suggesting that SARS E protein may form homo- 
oligomers. 

m m * 

20 Example 21. SARS E protein ion channel is blocked bv cinnamoylguanf dine and 
other compounds 

E protein ion channel activity in NaCl solutions was significantly reduced 
(p> 0.01, n=^6 escperiments) by addition of 100 to 200 |iM cinnamoylguamdine to the 
CIS chamber. The average current across the bilayer was reduced to baseline by 

25 lOOfihf cinnamoylguamdine. In experiments when E protein ion channels had higher 
conductance, 1 00 to 200 joM cnrnamoulgpaaidine reduced the average current across 
the bilayer about 4 fbldi Similarly, in four other experiments, 1 00 to 200 >iM 
cinnamoyiguanidine blocked channels formed by full-length E protein in KC1 
solutions. In two additional experiments, the SARS E protein N-tetminal peptide was 

30 blocked by 1 00 to 200 juM cinnamoyiguanidine, demonstrating that* the 

cimiamoylguamdine drug-binding site is located within the first forty amino acids of 
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the E protein N-terminal domain. Other compounds tested in bilayers for their effect 



on the SARS B protein are shown in below in Table 6. 


• 

• 






. Compound 


% Reduction of aveij 
current by lOOuft 


5-(N,N-hexamet^5dexie)amilotide 


91+7 


6-me thoxy-2-naphthoylgn ani d in e 


92 ±16 


2'4 DichloroBenzamil Hd 


78 ±0 


N,N , -bis(3phenylpropanoyl)-lT , -phenylguaxiidin 


S8±6 


(3-Bromocirmamoyl)guanidine 


87+11 


(2-BromociiiiiamoyOguanidine 


88 + 6 


trans-3-(I -napthyl)acryloyl guanidine 


66 + 2 



Example 21,1 Results and Discussion* 
We have shown th at SA RS E pr otein can form ion channels in lipid bilayer 

* 

1 0 membranes. The ion currents reversed at positive potentials, which demonstrates that 
E protein ion channels are selective for monovalent cations over monovalent anions. 
* E protein Ion channels were about 37 times more selective for Na+ ions over Cl-ions 
and about 7*2 times more selective for K+ ions over CI- ions. In over 60 experiments 
the Na+ conductance of the E protein ion channel varied from as low as 26 pS to as 
15 high as 1 64 pS. SBS-PAGE showed that the E protein forms homo-oligoraers, and we 

■ 

surmised that the larger conductances were probably due to aggregation of the E 
protein peptide leading to larger ion channels or the synchronous op ening of many 
ion channels* Single channel currents were observed in several experiments and from 
these the channel conductance was calculated to be voltage dependent. . 
20 The first 40 amino acids of the N-terminal which contains the hydrophobic 

domain of the SARS virus B protein is sufficient for the formation of ion channels on 
planar lipid bilayers. The N-terminal B protein ion channel has the same selectivity 
and conductance as the full-length E protein ton channel. 

The SARS virus full length E protein ion channel activity and N-terminal 
25 domain E protein ion channel activity on planar lipid bilayers in NaCl and KC1 
solutions was inhibited by addition of between lOOjiM to 200jjM 
cinnamoylguanidine to the CIS chamber. Inhibition or partial inhibition of the E 
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protein ion channel activity by cinnamoylguanidine has been observed in seven 
independent experiments in NaCl solution and four independent experiments in KCI 
solution. 

All known coronavirnses encode an E protein with a hydrophobic N-tenninus 

a * 

5 transmembrane domain therefore all coronaviruses E proteins could form ion 

channels on planar lipid bilayera. This indicates that the E protein could be a suitable 
target for antiviral drugs and potentially stop the spread of coronavirus from infected 
host cells. Drugs that block the E protein ion channel could be effective antiviral 

* 

therapy for the treatment of several significant human and veterinary coronavirus 
10 diseases including SARS and the common cold. 

Example 22. Bacterial TBio- Assay for Screening Potential SARS-CoV E protein 
Ion Channel-Blocking Drugs, 

15 SARS-CoVE protein Ion Channel inhibits Bacterial Cell growth* 

— A-bio-assay of S ARS-G6V E protein function-in bacterial cells was developed.- A 

synthetic cDNA fragment encoding SARS-CoV B protein was cloned into the 
expression plasmid pPL45 1, creating a vector in which E protein expres$ion is . 
temperature inducible, as described in Example 4. Inhibition of the growth of Rcoli 

i 

20 cells expressing B protein at 37°C was observed as an indicator of p7 ion channel 
function dissipating the normal Na-f- gradient maintained By the bacterial cells. 

* m 

Example 33, Compound Screening nsing the Bacterial Bio-Assav for SARS 
coronavimis E protein, 

25 

The haios of growth around the site of apphcation of particular drugs - as described 
in example 14 r- were scored as decribed in example 1 5. 

Table 7 lists the scores for inhibition of SARS-CoV E protein in the bacterial bio- 
30 assay* 



Table 7 




SARS E protein 




Inhibition 


i 

* 


(score / # of times 


Compound | 


tested) 
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2,3-difluorocf n naTTioylguanidine 
3^4-dicUorocinnarrioylgnanidine 

amoylguarddine 
3-(2-nq>fhyI)aciyloyIguaiiidiiie 
(3-CMorocinnamoyl)guaii[dme . 
3-(cyclohex-l-€aa-l^ylQciimamoylgiiaiudiiie 
2,5-^ttnethylcijm 

£ranS'3^(l-napthyl)acryloyIguai3idine 
isopropylcimamoylguanidine 
-BromociDnamoyl)gaanidine 
methoxy-2-naphlioylguaiiidiiie 
.-(N-Metfcyl-^ 
-phenylcdnnamoylgixanidine 
(2-Qilorociimamoyl)guaiiidine 
T 4 PiohloroB^nzarnTl HC1 
-phenylcinnamoylguatiidiiae • 
(trifliK>rom^yl)cdmiamoylguanidiBO 
-(ttfluoromefho^ 
-(trifluoromethyl)ci^ 
;-e1lioxyciim2moylguanidine 
innamoylgaamdine hydrochloride 

^thoxyciiinamoylguaaiditje 

[(2-BromocmnamoyI)guamdine 
6-dichlorocinnamoylguanidine 
A5-trfmetho5tyoinnamoylgu^din^ 
-tert-butylaiximo-ainiloride 
-t-bu^lciimamoylguanidine 
-bromo-2-f!iicnX)ciimamoylguarddi^e 
[(4-CMorocinnamoyI)guaiiidiiie 
-t-biitylciimamoylguanidine 
H^yclobexyldjmamoylguamdine 
Iodoamllorlde 
-(trans-hept-l-en-l-yl)ci^^ . 
'4-Bromociimamoyl)guaiiidirie 
4-Hydioxyciruiamoyl)gU3flidine 



(3^ph^ylpropanoyl)-N , -plxettyignanidine 
3-Nitrocitmajnoyl)guaoidiae 
-fluorocinnamoylguanidme 
Kl-naptfryl)acetoyIguam\iinef 
^^ylcfna^noylgnaTiidine 
-(N,N-bime1iiyQainfloridehydrocMoride 
-napthoylguanidine 
<4-flooropheayl)amilorid9 
;-(ttifluorome&yl)cinnamoylguaiudine 

(6-Hydroxy-2-napfhoyl)-N'-pJbienyIguamduie 
(trans-2-PhenyIoyolopropanecart>onyJ)guaiiidine 
^^-bis(3ph^ylpropanoyl)-N , '-pheuylguaiiidiiie 
l-napthoylguanidine 



4.50 / 1 
4.15/2 
4.00 / 1 
3.88 / 1 
3.87/3 
3:75 / 1 
3.63/1 
3.38/2 
3.16/2 
3.15/27 
3.13/3 
3,13 12 
3.13/1 
3.1/3 
3.00/2 
2.75/2 
2.75 / 1 
2.71 / 1 
2.67/1 
2.57 / 1 
2.50 / 1 
-2,48/2- 
2.47/3 
2.25/1 
2.25/1 
2.01/2 
2.00/1 
2.00 / 1 
1.94/2 
1.86/1 
1.83/1 
1.75/2 
1.71 / 1 
1.69/2 
1.63/2 
1.57/2 
1.51/2 
1.50/1 
1.50/1 
1.50/1 
1.38/2 
1.38 12 
1.38/1 
1.38/1 
1.35/3 
1.34/3 
.133/3 
1.32/3 



WO 2004/112687 



PCT/AU2004/000866 



-78- 

Benzamil hydrochloride 

3- methoxy -HMA 

4- methylcinnamoyIguanidine 

4- fluorocinnamoylguaiiidiiie . 
3 > 4-(methylenedioxy)cimamoylguai3idiiie 

5- (K,N-hexamethyIeii©)airdl6tide 
^-(cnmamoyl)-N , phenylguanidine 
5-CN-Ethyl-N-isopropyl)amiIoride 

3- methylciim^pylguairidinG 
2-methjdciimamoylguanidirie 
2,3,5,6,-tetramethylduinamoylgua2iidm 

(4-Me1Iioxy<±mamoyl}gumii<Jine 
(2'FuranaciyIoyl)guanidiiie 
(3-phmylpropanoyl)guanidine 
2-(2-tu5>thyl)acetoylgiianidirie 

cimjamoylguanidme 
(2-Methoxycimamoyl)guanidtme 
-C3-P5ridyl)acryloyl]guaiiiduic ■ 

4- phenylbenzoylguamdine 
',4-dicblorod < nT»arnalygi]aTridir)e 

;^Methoxydiroamoyl)guaiudiiie — — 

2-fluorociimamoylguanidine 

C4-Plienoxybenzoyl)guaiiidine 

(a-MethylciimamoyI)guanidine 

5- (3 r "bromophanyl)penta-2^4-dienQylg]TRniding 
(5-Phenyl-p enta-2»4^enoyl)guanidine 
(Quinolfoe-2-carbonyl)guanidine 
ffheaylacetyl)guanidine 
N^-Bis(aiiridino)n^ 

>romo-2-napthoylguanidine 
rromo-2-napthoylguaiiidine 
2H?hIorcH6-fluorocinnamoylguaJudine 
^hloi*>phenoxy~acetyl]guanidine 
Phenamilmefhanesnlfenate salt 
NrBenzoyl-N'-<aimamoyIguanidiiifi 

'2-mpthoyl)->r-i>henytempddix>e 



1.32/2 
1.25/1 
1.25/1 
1.2-5/1 
1.25/1 
1.2/3 
1.19/2 
1.07/2 
. 1.00/1 
1.00/1 
liOO / 1 
O.S8 12 
0.88/2 
0.82 12 
0.73 / 5 
0.71 / 1 

.0.69/3 
0.69/2 
0.67/3 
0.63/2 
0.63/2 
70;63'/2 
0.63/1 
6.57 /2 
0.50 / 1 
0.5/1 
0.44/2 
0.41 / 1 
0.32 / 3 
0.25/2 

0.25/1 
0.25/1 

0.25/1 
0.19 /2 
0.13/2 
0.13/2 
0.07 12 



Example 24. SAKS Antiviral Assay for testing compounds against replication of 
SARS coronaviras fSARS-CoW 

Compounds were tested against SARS-CoV (Hong Kong strain) using virus 
plaque purified three times in Vero cells; Stock virus was generated by infecting 
Vero cells at MOI = lx TCID50 per 100 cells* 

Example 24 A Screening for anti-viral activity using the virus mfcrofitre assay 
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Monolayers of Veto cells grown in 25cm 2 flasks were infected at a 

■ 

multiplicity of 1 :50 and treated immediately post infection with compounds at two 
concentrations, lOuM and 2uM. A control infected monolayer remained untreated. 
. Samples of culture media were taken at 48 hours post infection* Two aliquots from 
5 each of the samples (titrations 1 and 2) were serially log diluted and 12 replicates of 

log dilutions -4 to -7 added fo cells in microtitre plates. Four days later, wells in the 

* » « 

• microtitre plates were scored for cytopafhic effect (CPE) and the titration values 
calculated based on the number of CPE positive wells at the 4 dilutions. Control 
titres were 4.8 and 5.9 TCBD50 x 10 6 (average 5.35 x 10 6 ) 

.10 

Example 25; Effect of compounds in SARS CoV antiviral assay* 

■ 

* 

Three selected compounds were tested for activity against SA££-CoV 
according to the method described in example 2L For trans-3-(l- 
1 5 napthyl)acryloylguamdine and cinnamoylguauidine a decrease in virus titre of 

approximately 80% was observed- at a concentration of-1 OuM and a reduction of 

approximately 50% was seen to persist at 2pM trans-3«(l«napthyl)a(^loylguanidine* 

Table S provides Virus titration data presented as % of a control (SARS CoV grown 
20 for 48 hours in the absence of compounds). 



Table 8 



Compound 


Average 
TCID50 (x 
10 6 ) 


Titre 

control) 


Name 


Concentration 
(uM) 


cinnamoylguamdine 

■ 


10 


1.3 


.24 • 


2 


4.4 


82 


trans-3r(l- 

napthyl)acryloyIguanidine 


10 


1.15 


22 


2 


2.45 


46 


6-me&oxy-2-naph&oyifi^ianidine 


10 


5.95 


111 


2 


6.35 


118 


Control 


0 


5.35 


100 
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Example 26. Homan 229E Coronavirus 

Synthesis a nd Purification of a Peptide Corresponding to the 229E-E Protein 
A peptide corresponding to the full-length 229E-E protein (sequence: 
5 MFLKXVDDHALVVNVLLWC^^ 

KNVYHIYQSYMHIDPFPKRVIDF; accession number NP_073554) was synthesized 
manually usiag FMOC chemistry and solid phase peptide syuttiesis. The synthesis 
was done at the Biomolecular Resource Facility (John'Curtin School of Medical 
Research, ANU, Australia) using a Symphony 51 Peptide Synthesiser from Protein 
1 0 Technologies lac. (W obum, MS> USA) according to the manufacturers instructions to 
give C-tetminal amides, the coupling was done with HBTTJ and 

• * * * • * 

hydroxybenzotriazole in NrmethylpyrroUdone, Each of the synthesis cycles used 
double coirpling and a 4-fold excess of the amino acids. Temporary a-NPmoc- 
piotecting groups were removed using 20% piperidine in DMF. 
1 5 The crude synthetic peptide was purified using the ProteoPIus™ kit (Qbiogene inc. 
CA), following manufactures instructions. Briefly, the peptides were diluted in 
loading buffer (60mM Tris-HCl pH 8.3, 6M urea, 5% SDS, 10% glycerol, 02% 
Bromophenol blue, ±100 mM p-mercaptoethanol) and run on 4-20% gradient 

polyacrylanxide gels (Gradipore, NSW, Australia) in fris-glycine electrophoresis 
20 . buffer (25 mM Tris, 250 mM glycine, 0J% SDS). The peptides were stained with gel 

code blue (Promega, NSW) and the bands corresponding to the full-length peptide 

were excised out of the gel 

■ 

The gel slice was transferred to the ProteoPLUS™ tube and filled with tris-glycine 
25 electrophoresis buffer. The tubes were emerged in tris-glycine electrophoresis buffer 
and subjected to 1 00 volts for approximately 1 hour. The polarity of the electric 
current was reversed for 1 minute to increase the amount of protein recovered. The 
peptides were harvested and centrifuged at 13, 000 rpm for 1 minute. The purified 

• * * ♦ 

peptides were dried in a Speedvac. and the weight of the final product was used to 
30 calculate the yield. 
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Example 27. 229E-E protein forms ion channels in planar lipid bilavers. 

Lipid bilayer studies were perfbimed as described elsewhere (Sunstrom, 1996; 

■ 

Miller, 1986). A lipid mixture of palmitoyl-oleoyl-phosphatidyleliiarLolamine, 

* 

palmitoyl-oleoyl-phosphatidylserine and palmitoyl-oleoyl-phosphatidylcholine 
5 (5:3:2) (Avaiiti Polar Lipids, Alabaster, Alabama) was used. The lipid mixture was 

painted onto an aperture of 150-200 jim in the wall of a 1 ml delrin cup. The aperture 

separates two chambers, cis and trans, both containing salt solutions at different 

concentrations. The cis chamber was connected to ground and the trans chamber to 

the input of an Axopatch 200 amplifier. Normally the cis chamber contained either * 

» 

10 500inMNaCIor500mMKClandth^ The bilayer 
formation was monitored electrically by the amplitude of the current pulse generated 
by a current ramp. The potentials were measured in the trans chamber with respect to 
. W cis. The synthetic peptide was added to the cis chamber and stored until channel 
activity was seen. The currents were filtered at 1000 Hz, digitized at 5000 Hz and 
15— stored on magnetic disk.™ — — — — - — ™- — - * 

■ ■ 

■ 

The 229E E synthetic peptide was dissolved in 2,2,2-trifluorethanol (TFE) at 
0.05mg/ml to 1 mg/ml, 10 pi of this was added to the cis chamber (1ml aqueous 
volume) of the bilayer apparatus* which was stirred via a magnetic "flea" Ionic 
currents, indicating channel activity in the bilayer, were typically detected within 15- 

20 30 min. After channels were detected the holding potential across the bilayer was 

?* 

varied between -lOOmV and +100mV to characterise the size and polarity of current 
flow and enable the reversal potential to be determined. 

* 

hi 15 experiments where the cis chamber contained 500mM NaCl solution 

■ 

and the trans chamber contained 50 mM NaCl solution, the average reversal potential 

* 

25— of the channel activity was calculated to be 22 ±7 (SEM) mV. In 13 experiments 
where the cis chamber contained 500mM KC1 solution and the trans chamber 
contained 50 mM KC1 solution, the average reversal potential of the channel activity 
was calculated to be 38 ±4 (SEM) mV. These results indicate that the 229E E protein 
forms cation selective ion channels that are slightly more selective for K + than for 
30 Na ions. 
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Figure 9 shows examples of raw current data for the 229E B ion channel at various 
holding potentials (cis relative to trans) in asymmetrical K.C1 solutions (500/50 mM). 
The graph is a representative plot of average bilayer current (pA; y-axis) versus 
holding potential (mV; x-axis), 

5 

* 

Exampl e 28. Che mical compounds inhibit the ion channel activity of the 229E E 
protein synthetic peptide. 

To test compounds for their ability to block or otherwise inhibit the ion 
. channel formed by 229E E protein, small aliquqts of solutions containing the 
10 compounds were added to the aqueous solutions bathing planar lipids in which the 
peptide channel activity had been reconstituted and the effect of the compound 

* 

addition on the ionic currents was recorded and measured 
Compound stock solutions were typically prepared at 500 mM in DMSO. This 
solution was further diluted to 50 mM, or lower concentration in 50% DMSO/50% 

-15— methanol and : 2 yd of the appropriately diluted compound waslatdded to. the ds~and/6f ~ 

trans chambers to yield the desired final concentration- 

* 

in the example shown in Figure 10, addition of 100pM dnnamoylguanidine to the cis 

* 

chamber greatly reduced current flow through the 229E E ion channel. 

20 

Example. 29» Bacterial Bio-Assay for Screening Potential 229E-CoV E protein 
Ion ChanneKBIocking Drugs. 

229E-CoV E-proteinTon Channel inhibits Bacterial Cell growth, 
25 A bio-assay of 229E^Q>V E-protein function in bacterial cells was developed. A 

■ 

synthetic cDNA fragment encoding 229E-CoV E-protein was cloned into the 
expression plasmid pPL451, creating a vector in which E protein expression is 
temperature inducible, as described in Example 4. Inhibition of the growth of Kcoli 
cells expressing E protein at 37°C was observed as an indicator of p7 ion channel 

* 

30 function dissipating the normal Na+ gradient maintained by the bacterial cells. 



35 
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Example 30 Compound Screening using the Bacterial Bio-Assay for 229lj^Coy 
E^protefa. 

The halos of growth arouxxd the site of application of particular drugs - as 
described in example 14 — were scored as decribed in example 15. 



Table 9 list the scores for inhibition of 229E-CoV E-protein tn the bacterial bio-assay* 
Table 9 



1 " ' 

Compound 


229E E protein I 
Inhibition 

(score) 


|4-isQpropylcinnamoylgiT ani dine 

3^4-dicWorocitmamoylguaddine 

p-(irifluoromethoxy)ciimamoylguanidm 

4-t-butylcmnamoylguamdine 

3-isopiopylcinnamoyIguanidine hydrochloride 

p-t-bntyldnnamoylguanidino 

p^-butyfctiffi^^ 

trans-3-(l -napthyl)acryloylguanidine 

p-biomo-2-metfaoxycimiamoylguanidine 

f23-difluorocinnamoyIguamdine 


4.9 
4.4 
4.1 
4.0 
4.0 
3.9 

3.7 

1 

3.6 

3.3 1 



-(2-napthyOaeryloylguamdine 
l-phenylcinnanioylguanidine 

-phenyicdnnamoylguanidine 
-(cyclohex- 1 -en- 1 -yl) cinnamoylguanidine 
phenylbenzoylguanidme 
-(teLfhiorome&ylJcinnaitioylguanidine 
j(4-Plienoxybeiizoyl)guanidiiie 
(trifluoromethyljcinnamoylgiianidirie 
-(cyclohex- 1 -en- lyl)einnamoylguatudioe 
(4-Bromociniiamoyl)guanidine 
;-(N,N-hexamethyIene)ainiloride 

1- napthoylgtianidine 

5- (4-fluorophenyi)amiloride 
(5-Phenyl-p enta-2 ,4- dienoyl) guanidine 
(3-Bromocannamoyl)guan{diae 
2,5-dimethyIdnnamoylguaiiidijie 

2- (trifIuon>methyl)cmnamoylguaaidine 

6- mefhoxy-2-Baphthoyiguanidinc 
^4-Chlorocinnamoyl)guanidin.e 
^3-MethoxycinriairiQyl)guanidiiie 
5-brotno-2-fluorocinnamoylgii arridine 
5-(K^-Dimethyl)amiloiide hydrochloride 



310 

3.0 

2.9 

2.4 

23 

23 

23 

23 

23 

2.0 

1.9 

1.9 

1.8 

1;8 

1.7 
1.6 
1.5 
1.4 
1.4 
1.4 
1.4. 
1.3 
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cinnamoylguanidine 
(2-Methoxycimiamoyl)guanidiiie 
(4-MethylotmxamoyI)guaddine 
4-phenylcinnamoylguanidine 
2^6-dicIiIorociimamoyIgaanidirie 
(2-Bromocixmaxnoyl)guattidine 
2A6-trimethylriTm amoyljfoaniciine 
[trans-2-PhenylcyclopropanecarbonyI)guaoidiDe 
(3-CMorociBiiamo)d)guaiiidine 
-(l-napthyl)acetoyiguanidine 

-ethylcinnamoylguaiiidine 
^yclohe^Icimiamoylguaiiidiiie 
(4-Hydroxyciimamoyl)guaiudine 
-ethoxycinnamoylguanidine 
-mefhylc#aamoyIguanidirie 
-me&ylcmnamoylguanidine 
-fluoracumamoylguanidine 
cinnamoylguanidine hydrochloride 
,3-dimethyldttn^ 
2-fIuorocinnamoyIguanidi^ 

flTOfocimSioylgSiiidino ™ ™ 
5,4-di'flTiQiocfnnarnoylgfiarifdine 
5-tert-butylamino-amiloride 
2-napthoylguamdine ' 




,l^-Bi$(amidMo)napt^ 
? N 1 -Bis(3-pheiiylpropanoyl)guaiudiae * 
methylcinnamoyl guanidine 
5-(3 -bromophenyl)pmta-2,4-dienoylguairidine 
2,3 >5,6rtetram^ylcixmamoylguamdm 

3- efhoxyciimamoylguanidine 
RN 1 -bis(3phenylpropanoyl)-N ,, -phmylguairidiiie 
(4-Metboxycinnamoyl)guanidiiie 
(2-Chlorocinnamoyl)guarudine 
(3-Mtrodnnamoyl)gaaiudine 

4- dhoiycinnamoylgaanidine 
3 ? 4 y S"trimctfaoxycinnamoylgnanidm c 
2-(2-33apthyl)acetoylguanidiae 
N-(3^phetiyIpropanoyl)-N l -pIieiiyIguanidiiie „ 



Example 31 ; Antiviral Assay for testing compounds against replication of human 
coronavirns 229E (229E1. 



To determine the antiviral activity of compounds against human coromvirus 
229E replication (ATCC VR-740), an assay measuring reduction in the number of 
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plaques formed in monolayers of 229E infected MRC-5 cells (human lung fibroblasts 
lATCC CCL-171) was developed: First, a virus working stock was prepared by 
amplification in MRC-5 cells. This was then -used to infect confluent monolayers of 
- MRC-5 cells grown in 6-well tissue culture plates by exposure to the virus at an MOI 

of approx. 0.01 pfu/cell for 1 hour at 3S°C in 5%Cp2. The infective inoculum was 

• « 

removed and replaced with fresh medium (DMEM supplemented with 10% fetal calf 
serum) containing various test concentrations of compounds or the appropriate level 
of solvent used for* the compounds (control). Plates were subsequently incubated at 
35°C (in 5% CQz) for 3 -5 days post infection, after which time culture supernatant 

* 

was removed and the cells were stained with 0.1% crystal violet solution in 20% 

■ 

ethanol for 10 minutes* Plaques were counted in all wells and the percentage 
reduction in plaque number compared to solvent control was calculated- 

* 

Measurements were performed in duplicate to quadruplicate wells. 



15 Table 10_ 



Plaque Reduction (% control 7 # f 
experiments) | 


Compound 

* 


5nM 


2.SuM 


laM 



2-t-butylciiinamoylguanidine 

4- isopropylcrDnaiiloylguadldiiie • 
3,4-dichloiocinnamoylgii?rm'dme 
3- 

'trifluorometbj5xy)cinnamoylguanidin< 

2 > <^Hi>Tt1nir>r^T>na-m<\ylgiiariiHiT>ft 

2-(cyclolxex- 1 -eri- 
iyi)dnaamoyIguaaidine 
2-cycIohexylgiiUTamoylguamdiae 

5- bromo-2- 

mefhoxycinnamoylguanidine 

2- pheaylcinnamOylguauidine 
5-(2*-bromophenyl)pen.ta'2»4- 
dienoylguanidine ' 
4^t-butyIcinnamoylgnanidbie 

3- phenylciimamoylguanidine 
'3-Bromocinnamoyl)guamdme 
(4-Bromocirmamoyl)guaniduie " 
5-(N,N-hexaOTefhylene)aaailoride 
fcrans-3-(l -nspthyI)a«yloylguatudine 



100/1 
100/1 
100/3 

100/2 
100/1 

100/1 
070/1 

100/2 
100/1 

100/2 
100/1 

100/2 
094/1 
089/ 
100/ I 



100/3 
100/2 
099/4 

098/4 
097/3 

097/3 
097/2 

096/4 
096/3 

095/3 
095/3 
094/3 
093 /3 
091/3 
091/2 
091/2 



050/3 
057 /2 
086/3 

077/3 
066/2 

021/1 
089/2: 

088/3 
100/1 

079/2 
084/3 
077/2 
072/2 
073 /2 
033 / 1 
064/2 
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b-(2-ti^ptiryl)acryloylguaiiidiii6 
2 a 4-dicMoiociimamolyguaindiiie 
(2-Mtrocimamoyl)guaiiidixie 
3- 

(trifhioromethyI)ci^^ 

S-bromo-2-fluorocinhamoylgiiaindine 

4-methylciimainoylguariidiiie 

(3-CHorocirmamoyI)guanidine 

(4-MethdxyoiiiGam6yl) guanidine 

(4^hlorocini^oy^guarudit]ie 

3-fluorooimamoyIguanidiiio 

3- {oyclohex-l-dn-lr 
yl)cirmamoylguamdine 
(a-MethylcinnamoyI)guajQidiiie 
2 S 3 5 5 5 6 S - 

tetramethylcnmamoylgaaiiidine 

2- fluorociniianioylguaiiidijie 

4- 1 

(trifluoromethyl)dtmamoylguatudmo 
(3-Nitrociimamoyl)giiatiiduie 
2,5-dimefoyIciimamoylguanidiiie 

3 -t-butylcinnarnoylga aTi i d in e - 

(3 -Metiioxycixmamoyl)giianidine 

3- methyIciimamoyigua^dine 
3-isopropylcmnamoyIguanidine 
hydrochloride 



ioyl)guanidine 
3^thoxycinnanioylgaaiiidine 
(5-Phmyl-pmta-2,4-dienoyl)guaiudine| 
(2- CHorociimamoyl)giianidine" 
4-ethoxycinnamoylguarddine 
4-fIuorocinnamoylguaimdine 
3,4-difluQrocimiamoyiguaiHdnie 
N-(3-phenylpropandyl)-N*- 
phenylguanidine 
2,4,6-trimethyicimam^^ 
2-ruet%lciTmamoylguaniditte 
(trans-2- 

Phenyicyolopropanecarbonyl)-- 
guanidine 

[(E)-3-(4-Dimethylaminopheriyi)-2- 
tnethylacryloyijguam'dfne 
^-B^nzoyl-N-oinnamoylguahidine 
4-phenylbenzoylguaaidine 
trans-3'Fuxaiiaoryoylguanidine 
(4-Phmoxybeaizx)yl)guariidine 
(2-MethoxyoiniiaiiioyI)guarudiiia 
N"-ainidino-3 -arninQ-5-phenyI-6- 



100/1 
100 / 2 
085/2 

097/2 
100/1 
091/2 
100/1 
100/1 
100/2 

.095/1 

100/1 
023/1 

098 /2 
090/1 

100/1 
100/1 
092 /2 
"100/1 
089/1 
095/1 



089/1 



095/2 
100/ I 
100/1 
095 / 2 
073/1 
100/1 
085/1 

051/1 
075/2 
074/2 



I 091/2 
090/4 
090/2 

08974 
088/3 
087/4 
0S6/3 
085/4 
084/2 
083 /3 

082/3 
082/1 

079/4 
079 /3 

079/1 
079/1 
078/1 
- 077 /4 
075/2 
074/3 



074/3 



072/2 
072/3 
072/2 
072 /2 
069/2 
067/3 
065/3 

064/1 
063 /3 
063/3 





063/2 


022/1 

* 




059/1 


♦ 




, 056/1 




076/1 


055/2 


071/1 




055/2 


018/1 


069/1 


054/3 


040 /2 


051/1 


053 /2 


024/1 


074 / 2 


052/2 


038/1 



062/2 
064/3 
046 /2 

064/3 
063/2 

063 /2 
009/1 
057/3 
051/2 
051/2 

063/2 
036/2 

064 /3 
045 /2 

052/1 

045/1 

078/1 

030/3- 

030/1 

044/1 



014/1 



043/2 
057/1 
069/1 
040 /2 
057 /i 
034/2 
042/2 

000/1 
062/2 
053 /3 
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chloro-2- 

pyra2dnecarboxamide 

N-(cimamoyl)-N^lieayiguaiiidiae 

gumamoylgaanfdine 

3,4- 

(methylmedioxy)ci^ 

N,N l -Bis(amidino)napthalene-2,6- 

dicarboxamide 

Z^-dime^lcinnamoyl^airidine 

5- (3 T -brom6phenyl)penta-2,4- 
dienoylguaiiidine 
N,NVBis(3-*. 

henylpropanoyDgaanidms 
-methoxy-amiloride 
3-difluorociruiamoylguanidine 
l-ii^t&oylguatii^ine * 
(3-pheayipropaiidyI)guamdiiie 

6- me1iioxy-2rnaphtJioyigaanidine t 
-(N^N-DimetbyOamiloiide 

drochloride 
rethoxyciiinamoylguanidinD 

-napthoylguanidine™ : — — . 

^5-ti^etiioxyciimamoylguaiiidine 
-methoxy -HMA 

enzyoylguanidine 



MflT3Qipmethyl)cimamoylgiiflTiidine 
-amidino-3,5-dianiino-6-pliynyl-2- 

ijn^necarboxariride 
iimamoylguarddine hydrochloride 
Quit3toKne-2-caibQnyQgiTaTifdmc 
t4-Hydroxyd^amojd)gii^dine 
5-(4-fluorophenyl)anuloride 
2-(l-n^thy0^etoylgiianidine 
(2-Fiiranacryloyl)guanidnie 
[3-(3-PyndyI)acrylpyl]guarridiiie 
N-Ctenamoyl--N l J N 1 - 
dimefhylguaindiiie 
N-(2-napthoyl)^N , -pheaylguaiii4 
2-(2-napthyl)acetoylguanidine 
^^ > N T -bis(3pheny^p^opanoyl)-N 1, - 
pJxenylguanidine 
(Pheflylacefyl)gaarridine . 



084/1 
095/2 

084/1 



073/1 



029/2 



49/3 



015/3 



048 /2 
047/2 

046/1 

045/1 
044/2 

044/1 

041/1 
039/3 
036 / 1 
036/1 
036/1 
030/4 

027/1 

027/1 

027-A1" 

027/1 

027/1 

026/1 



022/1 

022/1 
020/1 
019/3 
019/1 
018/1 
018/1 
018/1 
018/1 

• 

015 / 1 
011/1 
009/1 

009/1 
009/1 



035/1 
059/1 

019/1 



024/1 



022 /2 



www* U^tlT. 



006/2 



5 
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Example 32 Hitman OC43 Coronavirns 

OC43 Antiviral Assay for testing compounds against replication of human 

» * 

coronavirns OC43» 

To determine the antiviral activity of compounds against human coronaviras 

* 

■ 

5 OC43 replication (ATCC VR-759), an ELISA assay was developed measuring the 
release of the viral N-protein into culture supernatants from monolayers of OC43- 
infected MRC-5 cells (human lung fibroblasts ;ATCC CCL-171); First, a virus 
working stock was prepared by amplification in MRC-5 cells. This was then used to 
infect confluent monolayers of MRC-5 ceUs grown in 6-well tissue culture plates by 
10 exposure to the virus at anMOIof approx. 0.01 pfu/cell for 1 hour at 35°C in 5%C(>2. 
The infective inoculum was removed and replaced with fresh medium (DMEM 
supplemented with 10% fetal calf serum) containing various test concentrations of 
compounds or the appropriate level of solvent used for the compounds (control). 
Plates were subsequently incubated at 35°C (in 5% C0 2 ) for 5 days post infection, 
1 5~ ^Wwhicff timeculfure ^p^atantwas H^^ed^d^llul^delm^^ov^ by 

centrifugation at 5000 x g for 10 minutes. For N-antigen.detection, 100pl samples of 

» 

* ■ * 

clarified culture supernatant were added to duplicate wells of a 96-well Maxi-Sorb 
plate; lOOjii of RJQPA buffer was added per well with mixing and the plate was 
covered and incubated at 4°C overnight to enable protein binding to the plastic wells. 
20 The next day, die coating solution was discarded* wells were washed thoroughly with 
PBST, and blocking of unoccupied protein binding sites was performed by incubation 
- . in 1% BSA in PBS for 1.5 hours. The antibody recognising OC43 N-protein was 
used at 1/800 dilution in PBS (lhr at 37°C) and the secondary antibody (goat-anti- 
mouse alkaline phosphatase) was used for the colour development reaction. Optical 
25 density of the ^ells was read at 405 nm and the effect of compounds determined by 
comparison of the level of signal in presence of compound to level of signal from the 
solvent control, 

Example 33; Effect of compounds in OC43 antiviral assay 

30 

Compounds were screened for activity against OC43 replication according to the 
method described in example 22, Results axe shown in Table 11* 
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Table 11 



Compound 



Virus inhibition at 
2.5uM 



3- methyici nn am oylgn am dine 
trans-3-(l-napihyl)ac^ 

(3 -BromociTm am oyljgu anidine 
(2-CMorocinnampyl)guanidi2ie 
3,4-dicHorociimamoylguanidijie 
3^triflu6romethyI)ci^ 

(trans-2-PhciiyIcyctopropanecarbonyl)gaanidine 

4- isopropylcirmamoyiguanidine 
cinnamoylguanidirie 

5- methoxy-2-napbthoylguaiudiiie 
2,4-dicblordc^amolyguaoidine 
(4-CHorocinnmnoyl)guknidine 
5-(N^hexameliiylme)ainiIoride 
(4-Bromocittnamoyl)gikiildnie 
2 A 6nitoM02»ciimamoylgTianiduie 
5-bromo-2-methoxyciimamoylguaiudine 
3-Pheriytpenta-2;4=dim^ 
3-(1iifliicmDmetioxy)cinnamoylguanidine 
2-t-butylciimamoylguaindiaa . 



100 
100 
100 
96 

90 
84 
71 
68 
57 
47 
36 
36 

. 30 
29 
27 
24 

4 
4 



5 Example 34. Mouse Hepatitis Virus (MHV). 

Synthesis and Purification of a Peptide Corresponding to the MHV-A59 E 
Protein. 

* 

A peptide corresponding to the fall-length MHV-A59 E protein (sequence: 
10 MFNLI^TDTVWYVGQIIFIFAVCLMVTII^^ 

VI^PSlYLYDRSilQLYKYYN accession number NP_068673) 

■ • . • . . ■ • ' • 

" was synthesized manually using FMOC chemistry and solid phase peptide synthesis 

*• 

* ■ " " - - 

The synthesis was done at the Biomolecular Resource Facility (John Curtin School of 
Medical Research, AN17, Australia) using a Symphony* Peptide Synthesiser fiom 

15 Protein Technologies IncCWobum, MS, USA) a:ccor<tog to the maniifacturers ' - 

■'1*1 * 

instructions to give C-terminal amides, the coupling was done with HBTU and 
hydroxybenzotriazole in N-mcthylpyirolidone. Each of the synthesis cycles used 
double coupling and a 4-fold excess of the amino acids. Temporary a-N Fmoo- 
protecting groups were removed using 20% piperidine in DMF. 



WO 2004/112687 . PCT/AXJ2004/000866 

* • 

-90- 

The crude synthefic peptide was purified using the ProteoPlus™ kit (Qbiogene inc. 
CA), following manufactures instructions. Briefly, the peptides were diluted in 
loading buffer (60mM Tris-HCl pH 8.3, 6M urea, 5% SD$, 1 0% glycerol, 0.2% 

Bromophenol blue, ± 100 mM (3-tnercaptoethanol) and run on 4-20% gradient 

*. 

5 polyacrylamide gels (Gradipore, NSW, Australia) in tris-glycine electrophoresis 
buffer (25 mM Tris* 250 mM glycine, 0. 1 % SDS). The peptides were stained with gel 
code blue (Pramega, NSW) and the bands corresponding to the full-length peptide 
were excised out of the gel. * * 

The gel slice was transferred to. the ProteoPLUS™ tube and filled with tris- 
1 0 glycine electrophoresis buffer. The tubes were emerged in tris-glycine electrophoresis 
buffer and subjected to 1 00 volts for approximately 1 hour. The polarity of the 
electric current was reversed ibr 1 minute to increase the amount of protein 
. recovered. The peptides were harvested and centrifuged at 13, 000 rpm for 1 minute. 
The purified peptides were dried in a Speedvac and the weight of the final product 
15 was used to calculate the yiefcL 

Example 35: MHV-E protein forms ion channels ia planar lipid bilavers. 

lipid bilayer studies were performed as described elsewhere (Sunstrom, 1996; 
Miller, 19S6). A lipid mixture of palmitoyl-oleoyl-phosphatidyleftanolamin^ 
20 palmitoyi-oleoyl-phosphatidylserine and palmitoyl-oledyl-phosphatidylcholine 
(5:3:2) (Avanti Polar Lipids, Alabaster, Alabama) was Used The lipid mixture was 
painted onto an aperture of 1 50-200 Jim In the wall of a 1 ml delrin cup. The aperture 

■ 

separates two chambers, cis and trans, both containing salt solutions at different 
concentrations. The cis chamber was connected to ground and the trans chamber to 

25 the input of an Axopatch 200 amplifier. Normally the cis chamber contained either 
500 mM NaCl or 500mM KCl and die trans 50 mM NaCl or 50mM KCL The bilayer 
formation was monitored electrically by the amplitude of the current pulse generated 
by a current ramp. The potentials were measured in the trans chamber with respect to 
the cis. The synthetic peptide was added to the cis chamber and stirred until channel 

30 activity was seen. The currents were filtered at 1000 Hz, digitized at 5000 Hz and 
Stored on magnetic disk. 
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The MHV E synthetic peptide was dissolved in 2,2,2-trifluorethanol (TEE) at 
0.05mg/ml to 1 mg/mL 10 pi of this was added to the cis chamber (1ml aqueous 
volume) of the bilayer apparatus, which was stirred via a magnetic "flea", Ionic 
currents, indicating channel activity in the bilayer, were typically detected within 15- 
5 30 TTifn . After channels were detected the holding potential across the bilayer was 
• varied between -lOOmV and -HOOmV to characterise the stee and polarity of current 
flow and enable the reversal potential to be determined. 

In 14 experiments where the cis chamber contained 500mM NaCl solution 

m 

and the trans chamber contained 50 mM NaCl solution, the average reversal potential 
10 of the channel activity was calculated to be 49 ±1 (SBM) mV\ ftrll experiments 
where the cis chamber contained 500tnM KC1 solution aiid the trans chamber 
contained 50 mM KC1 solution, the average reversal potential of the channel activity 

4 • 

was calculated to be 13 ±6 (SEM) mV. These results indicate that the MHV E protein 
forms cation selective ion channels that are more selective for Na* than for ions. 
15 Figure 1 1 shows exan^>les of raw current data for the MHV E ion channel at 

various holding potentials (cis relative to trans) in asymmetrical NaCl solutions 
(500/50 mM). The graph is a representative plot of average bilayer current (p A; y- 
. axis) versus holding potential (mV; x-axis). 

20 Example 36. Chemical compounds Inhibit the ion channel activity of the MHV E 

♦ 

■ 

protein synthetic peptide. 

To test compounds for their ability to block or otherwise inhibit the ion 
channel formed by MHV E protein , small aliquots of solutions containing the 
compounds were added to the aqueous solutions bathing planar lipids in which the 
25 peptide channel activity had been reconstituted and the effect of the compound 

* • 

addition on the ionic currents was recorded and measured* 
Compound stock solutions were typically prepare*} at 500 mM in DMSO- This 
solution was further diluted to 50 tnM, or lower concentration in 50% DMSO/50% 
methanol and 2 pi of the appropriately diluted, compound was addeid to the cis and/or 

■ 

30 trans chambers to yield the desired final concentration* 
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In the example shown in Figure 12 below, addition of 1 OOjiM 
dnnaraoylguanidine to the cis chamber greatly reduced current flow through the 
MHV E ion channel 



10 



15 



20 



25 



Example 37.Bacterial Bio-Assav for Screening Potential MHV E-protefa Ion 
Channel-Blocking Drugs. 

MHV E-protein Ion Channel ftiTnhite Bacterial Cell growth, 

A bio-assay of MHV E-protein function in bacterial cells was developed. A synthetic 

* • * 

cDNA fragment encoding MHV E-protein was cloned into the expression plasmid 

"m * " * 

pPL451, creating a vector in which E protein expression is temperature inducible, as 
described in Example 4. Inhibition of the growth of Rcoli cells expressing E protein 

■ 

at 37°C was observed as an indicator of p7 ion channel function dissipating the 

* * 

normal Na+ gradient maintained by the bacterial cells. . • 



i t\i mjtr if* 



rr i- . r.~ - « 



Example 38. Coinpomid Screening using the Bacterial Bio-A ssay for MFTV F, 
protein. 

The halos of growth around the site of application of particular drugs — as described 
in example 14 — were scored as decribed in example 15. 

Table 12 lists the scores for inhib ition of MHV E protein in the bacterial bio-assay. 
Table 12 



Compound 



4-faopropyldmamoylguamdine 

3- isopropylcinnamoylguanidine hydrochloride 

4- t-butylcirinamoyiguaiiidine 
3-(trffluorome&oxy)cim^ 
3-t-butylchinamoylguamdine 
3,4H3ichlorbcirm^oylgiiaiiidin 
2,3-difluorocinnamoylguanidine 

2- t-bulylciimamoyIguanidine . 

3- phenylcimiamoylguamdihe 
2-phenylcinnamoylguamdine 

5- biomo-2-methoxycinnamoylguamdine 
2-(cyclohex-l-en-lyl)cinnainoylguamdine 



MHV E protein 
Inhibition 

(score) 



4.5 
4.2 
4.1 
4.1 
4.0 
3.8 
3.8 
3.8 
3,7 
3.4 
3.3 
3.3 
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fa-Xtrifluorometliyl) 

|3-(cyclohex-l -yI)cdiiiiamoylguanidine 

pans-3-(l -napfhyl)acryloyiguanidine 

W-( : b±^oromethyl)c^ 

p-(2-n^thyl)aciyloyIguaiiidine 

B-(tiifluoromethyl)c™ 

(4-Phenoxybeiizoyl)guaiiidmo 

(3-Bromocinnamayl)gnanidine 

2,5-dimethylcAmamoylguanidine * 

|5-bromo-2-fluorocinnamoylguanidiae 

6-methbxy-2-naphflioyIguaiudine 

^phmylhenzoj^guanidine 

|(4-Bromociimamoyl)guanidino 

jl -napthoylguanidine . 

[(S-Hieiiyl-penta^^dienoy^guaQidjuie 

(2-Bromociruiamoyl)guanidine 

(4^C^tmidnnamoyl)gua^ 

j2-methylcimaittoylguanidiiio 

p,6-dicUorocinnaiiioylguariidine 

j2,4 3 6-1ximc1hylciiinamoylffl 

cinnamoylguanidine 

ciiHiainoylguaoidine hydrochloride 

(arMethylciimamoyl)guarddine 

p,3-dtoethylcifl^^ 

EHsycIohaxylcim^ 

Wr(3-phenyIp:ropan^^ 

|N,1^4>is(3phenyIpiopanoy^ 

(3-Methoxycipnamoyl)gTiaT!fdfne* 

(2-Metfcoxycixiii^ 

b-fhiorocnHiamoyiguanidins 

p-fluorociimamoyiguanidine 

g^-dichloro cirtnamolygn ani rffo e 

b-elhylcimataoylguaiiidirid 

C2^Morocranamoyl)guanidiiie 

j(4-HydroxyDmnamoyl)gi^ 

fe-ethoxycimiamoylguanidine 

E-impthoylguarudine 

(fi^s-2-^ 

jS-CN^N-DimethyyainiloridQ hydrochloride 
5-(4-fluorophenyl)ainiIoride 

3- methylcinnamoylguaiiidiiie 
!(3-CMQrocinnamoyl)guanidine 

4- methylcinnamojdguanidinc 
4^thoxycirniamoylguanidine 
2-(l-napthyl)acetoylguairidine 
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3,4-difluorocirmamoylguanidine 
2-(2-Baplhyl)acdto3dguanidine 
Z^^^^tramethybimaraoylgaanidiiie 
(4-Me&oxyciimamoyl)guarddine 
3,4<me1hylenedio;^)cinnamoylg^^ 



0.4 
0.4 
0,4 
0.3 
03 



3- ethoxyciimamoylguanidiiie 

4- fhiorocinnamoylguanidine 
l-bromo-2-napthoylguanidine 

5- tert-butylamino-ainiloride 
'3-Nftrociniiamoyl) guanidine 

3 ,4,5 -trimetfioxyc in n am oyigu anidine 
S-CS-bromophenyl^enta-^^enoylguaiudirig 



03 
0.2 
02 
0.1 
0.1 
0.1 
0.1 



10 



15 



20 



Example 39- TVTHV Antiviral Assay for testing compounds against replication of 
mouse hepatitis virus fMHVl. 

To determine the antiviral activity of compounds against MHV replication 



(strain MHV-A59: ATCC VR-764), an assay measuring reduction in the number of 
plaques formed in monolayer ofMHV infected L929 cells (ATCC CCL-a) was 
developed: First, a. virus working stock was prepared by amplification in NCTC 
clone 1469 cells (ATCC CCL-9.1). This was then used to infect confluent 
monolayers of L929 cells grown in 6-well tissue culture platesby exposure to the 
virus at an MOI of 0.01 pfn/cell or 1 pft/ceU for 30 minutes at 37°C in 5%C0 2 . The 
infective inoculum was removed and replaced with fresh medium (DMEM 

■ 

supplemented with 10% horse serum), containing various test concentrations of 
compounds or the appropriate level of solvent used for the compounds (control). 
Plates were subsequently incubated at 37°C (in 5% CO2) far 16 - 24 hours post 
infection, after which time culture supernatant was removed and the cells were 
stained with 0. 1% crystal violet solution in 20% ethanol for 1 0 minutes. Plaques 
were counted in all wells and the percentage reductipn in plaque number compared to 
solvent control was calculated. Measurements were performed in duplicate to 
quadruplicate wells. 

Example 40. Effect of compounds in MHV antiviral assay. 



Table 13 provides the results obtained from this study. 
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Table 13 



Compound 



Percent reduction in Plaque 
number / # experiments 



20uM 10aM 



luM 



|5-(34>txroK>pheay^^ 

^bromO'2-methoxycimamoylguanldine 

* 

P'phenylcinnamoylguanidiiie 



[2,3-diQuorocinnamoylguanidiiie 



cinnamoylguaindine hydrochloride 



(2-Chlorocimianioyl)gttani<line 



Toxic 



OX1Q 



p-ethoxycinnamoylguanidine 

!-(2'-bromophenyi)penta-2,4-dienoylguanidiae Toxic 



85/1 



99/2 


66/1 

1 * 


100/1 


66/1 


86/2 

M 


64/3 


p/3 


64/2 

* 


89/2 


• 

58/1 


100/1' 


57/1 


72/2 " 


56/1 



>5/2 88/3 



IT • f¥IO H.T1.T tHIIVt-Ill.-l-t. 



53/3 



[cinnamoylguanidine 
(4-Bromocinnamoyl)guarddine 

V * 

(2-Bromocimamoyl)gaanidine 
(4-Me(hox^innamoyl)guaiiidine 
(a-MethylcdnnamoyI)guanidlne 
,4-dicMorociriiiamoyIguaxiidine 

* 

!^cyclohex-l-ea-lyl)dnri^ 

# • 

3,4-diiIuoiocimiamoylguaiudine 

■ 

|3-t-butylciiinai»oylguamdine 
i-ethoxycinnamoylguanidine 



97/8 



Toxic'/ 2 



1/2 



►8/4 



88/S 



98/3 



89/3 



96/4 



81/2 


75/3 


91/2 


96/1 

• 


|n/d 


97/1 


Toxic 


91/2 


Toxic 

• 


94/3 


93/2 


35/3 



52/7 



52/3 



52/3 



51/3 



51/2 



50/2 



50/1 



50/1 



19/2 



;s/2 . 
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* 

j-3-Furanacryoylguanidine 

■amidMo-3-arm'no-5-hexame&^ 
5henyl-2-pyrazineoarboxatnide 

i 

(2-Nitrociimamoyl)guaiiidine 

9 

[-(trifluorOmefhyl)cimamoyIguaiiidiiie 

♦ 

b^Cmefliylened^^ 
5^-Methyl-N-isobutyl)acailoride 
|(4-CMorocirinamoyl)gu^mdine 

1,4-dicMorocnimamolyguanidine 
f -(3-phenylpropanoyl)-N , -phenylgua2iid3no 



(3-Nitfdciira^oyI)gESmdine 



i-^phenyloiimainoylguanidine 
isoprcpylctenamoylguanidine 
(-(trifluorcmietiiox 
l-(trifluoromethyl)ciiinamoyl 
|(4-MtrocimamoyI)guanidine 

i • 

|3-(2-napthyl)acr5doylguaiiidiiie 

■ 

■ 

|4-etlioxyciii2iamoylgaafri<iuie 
l,6-dichloroci2inamoylgua2iidine 
2,5-dimethylcimi^oyig^anidine 

l 

(3-Bromociimanioyl)guaiiidine 
(3<;hlorocinnamoyI)guanidine 



70/1 65/1 



84/1 52 /2 



97/1 



97/ 3 95 /3 



93/3 



92/1 85/ 1 



97/2 88/2 



76/1 73/1 



80/1 65/1 



N/D 



100/1 



98/1 



97/1 



93 11 



96 /l 



91/1 



95/3 



95/2 



94/1 



100 / 1 



95 / 3 93 / 3. 



90/3 



83/1 



75/3 



93/1 



92/1 



70/1 



91/3 



90/3 



86/2 



48/1 



48/1 



7/2 47/1 



/3 



82/3 W5/3 



12 



W3/3 



m/i 



3/1 



95 / 2 77 / 3 W2/3 



t2/l 



1/3 



•1/2 



/I 



/3 



10/ 1 



40/1 



40 / 1 



9/3 



!9/3 



19/2 



• * 
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3-methylcnmamoylguanidine 
(3-M^thoxycinnamoyl) guanidine 

■ 

■ 

7-t-hiTty7 c.in« arn ftylg iinnirini ft 

;(B)^3^4-Dim©11iyIaiXBjaoplieaiyl)-2- 
methylacryfoyljguanidine 



•0/1 88/ 1 



>2/2 87/2 



r/D 



56/1 



98/2 



NjN'-bisCl Hiap&oyQguanidine 



3-methoxy -BMA 

5- tert-butylamino-amiloridc 
trans-3-(l -n^thy^acryloylgaanidins 

6- methoxy-2-naphthoylguanidine 



. 58/1 



15/1 



!2/2 



1/1 



89/4 84/4 



©5/2 86/3 



88/3 



16/3 



2-napthoylguanidbie 



-ethylcinnamoylguamdine 

■ 

^3-dimethyIcimamoylgiwuxidia^ 

% 

1 - Ciimamoyl-N^-iphenylguanidine 

■ 

-isoprc^yicionamoylguaiiidine hydrochloride 



|(4-Phenoxybenzoyl)gaanidine 

I . 

|(lraiis-2-PIienyIcycIopTDpanecarbonyl) guanidine 
|3-fIuoroc^iinamoylgaamdine 
Kbromo-2-fiuorocttm3moylguarddiae 
fN,NMMS-(ciii^^ 
|3-quino]inoylguamdme 
^,4,6-trimelhylcimainoyIguanidine 



— 6772— "367 2"" 



>6/ 1 81/2 



39/1 



37/3 



37/1 



37/1 



15/1 



'9/2 



97/1 72/2 



>9/2 



[73/1 


65/1 


77/2 : 


64/2 


100/1 

• 


93/2 


Toxic ' 


81/2 


16/1 


38 / 2 


27/1 . 


36/2 


?l/2 


61/3 



35/1 



35/1 



34/4 



34/3 



34/3 



34/1 



34/1 



34/1 



32/1 



32/1 



31/2 



31/1 



31/1 



31/1 



30/1 



27/2 
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1 din e 

N-anridiao-3^iai3amo^phynyl--2- 
pyrazinecarboxaroide 

NF-Cixt&^oyi-NV^-*^ 



(2-Methoxyciimainoyl)guaiiidine 



2<2-napthyl)acetoylguanidin6 

4-phenyicimxatnoylguaiiidine 

[3-(3-Pyridyl)acayloyI]gua2iidine 



3,4 ? 5 -triine&oxyciiiEiamoylguaiiidiiie 



4-methylciiiDBmoylguaiiidme 



4-fIuorocinnamoylguaiiidiiie 
l-methylcirtaamoylguariidine 



|6^romo-2-ixaptboylgi7ariidfne 
5-(K^-Dime1iiyQamiloride hydrocMoride 
|(5-Plienyl-penta-2,4Kiiefio^)guamdinc 
t-cyclohexylcirmamoyiguanidine 
|5-(4-fluoropIieayl)ainiloricte 
^etjzyoylguaniditie 
r-Benzoyl-^^innamoylguanidine 
(5-(M^-hexamethylene)aniiloride 
KciimamoyO-N^hCTylguam'dine 

■ 

(4-HydroxycinnamoyI)guan tdi ne 



31/1 



53/1 



65/1 



K274 



22/1 39 /2 



4/1 



0/1 



12 



i9/2 



12/2 65/3 




10/2 



16/1 



73/2 



84/1 



89/1 



8671 83 /T 



1/1 82/1 



!7/2 



/4 



17/1 E4/1 



S5/1 



0/1 



84 / 2 89/1 



83/1 88/1 



19/1 15/1 



17/1 



15/ 1 



12 



90/2 85 / 2 23 /2 




!0/l 



20/1 



19/1 



17/4 



17/1 



100/1 b4/2 . 16/1 



16/1 



14/1 



14/1 



13/2 



13/1 



13/1 
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2-(triftuoromethyI)cinTi anioylguanidine 



(Qumoline-2^afbonyl)guaiiidine 

♦ 

♦ 

2-(l ^pthyl)acetoylguamdine 
2-cWoro-6-fluorociiOTamoylguard(3itte 



^-amidino-3-amino-5-phenyl-6-cMoro-2- 
pyrazixiecarboxamide 

4-pheaylbenzoylguaiudine 
NJST-bis(2-naptll0yI)guanidiiie 

* 

* 

(Phenylacetyl)guanidin& 

* 9 

l-napfhoylguanidine 



19/1 15/1 



86/1 84/1 



-19/1 02/1 



100/1 84/2 



10/ 1 



/I 



35/1 



10/2 



12/1 24/1 



3/2 



52/ 1 



1/3 62/3 



13/1 



12/1 



II /l 



/l 



9/1 



/l 



B/l 



B/l 



n 



N;^-bis(3jftea^lpi5p^ 



i-M 17 3' 



l-hydroxy-5-hexamethyIeneimino-amiloiide 116 / 1 



/2 



1/1 



►'4 DichloibBenzamil HC3 



12/2 



7-3 



0/3 



!^,5,6,-tett^ethyIcdmiamoylguamdiiie 



r/D 



68/2 0/1 



lenzamil hydrochloride 



0/1 



!6/l 



0/1 



6-Iodoamiloride 



18/1 



11/1 



0/1 



y^-BisCamidiao)naptfialeneT2,6-dicarboxamide 19/1 16/1 10/1 



|[(4-C3ilorophenoxy-acetyl]guanidiiie 



19/1 16/1 



0/1 



|(3-plienylpropattoyl)guaiiidine 

« 

1-fluorociimamoylguanidine 
6-bromo-2-naptii6ylguaiiidiiie 
(2-FuianacryIoyl)guatridine 



51/1 03/1 



76/1 73/1 



3/1 



67 / 2 63 /2 



0/1 



■3/2 
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^6-Hydroxy-2-h^thoyO-N'-phenylgaaiiidine 
AmtlorideJCa 

• 
* 

3-(trans-heptrl^-l-yl)cnniam 
3-methoxy-amiIoride 

m 

* * 

• 


43/1 
21/1 

r/i 

♦ 

60/2 

• 


39/1 

» 

18/1 
23<T) / 1 
47/3 


-5/1 
-5/1 
-6/1 
-7/2 

t 


N ? N , -Bis(3-pIieiiylpropanoyl)guaiudine 
3~(cy clohex-1 -en-1 -yl) onmamoylguanidine 


* 

41/3 
T/l 

* 


30/4 
2/2 


-8/3 
-19/1 



Example 41+ Porcine Respiratory Coronavirns fPRCV) 

Antiviral Assay for testing compounds against replication of porcine respiratory 

* * 

5 coronavirns flPRCV% 

coronavirns replication (ATCC VR-2384), an assay measuring reduction in the 
number of plaques formed in monolayers of PRCV infected ST cells (procine fetal 
testis cell line, ATCC CKL-1746) was developed: Confluent ST cells in 6 well 
10 plates were infected with a quaternary passage of porcine respiratory virus (PRCV) 
strain AR310 at three dilutions 10\ 50~ l and 10' 2 in PBSto provide a range of 
plaques number to count 1 OOul of diluted virus was added per well in a volutne of 

■ 

lml of media. Plates were incubated for one hour on a rocking platform at room 

• • • 

temperature to allow virus to adsorb to cells. The viral supernatant was removed and 
15 2mIAvell of overlay containing 1% Seaplaque agarose in lx MEM, 5% FCS was 
added to each welt Compounds to be tested were added to the overlay nrixture by 
diluting the compounds from frozen stock to a concentration so that the same volume 
of compound/solvent would he added to the overlay for each.conceaitration of 
compound. The volume of compound/solvent never exceeded 0.07% of the volume 
20 of the overlay. The solvent used to dissolve compounds was DMSO and methanol 
mixed in equal proportions. Compounds were tested for anti-plaque forming activity 
* at four concentrations, O.luM, luM, lOuM and 20uM. Either duplicates or 
quadruplicates were performed at each concentration. Controls were performed 
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* 

where the same volume of solvent was added to the overlay. The overlay was 
allowed to set at room temp for 20 mios. The plates were then incubated at 37°C for 
2 days. The monolayers were then fixed and stained overnight at room temperature 
by adding lml/well of O.S% methylene blue, 4% formaldehyde. Overlay agarose and 
stain was theit rinsed off to visualize stained and fixed monolayer 

* 

Exaip pte Effect of compounds in PRCV antiviral a'ssa? 

Compounds were screened for activity against PRCV replication according to 
10 the method described in example 29. Table 1 4 provides EC50 values for some tested 

- « 

compounds. 



15 



20 



25 



Table 14 




Compound 

5-(N,N-hexamemylene)amiloride 



6^metfao^-2-naphthoylguariidine 



cimamoylguanidine 



N^3-phenylpropanoy5-N*-phenylguahidine 
3-memylcinnamoylguanidine 



(3-Bromocinnamoyl)guanidine 



(trans-2-PhenylcyclopTopmecarbonyl)gu2nidiQe 



- 



trans-3-(l -napthyl)acryioylguanidme 



2-(2-napthyl) acetoylguanidine 



EC50 (UM) 
O06 



0:04" 



0.08 



19 

1A3 



112 

Y72 



19.1 



119.6 



Example 43. Bovine Coronaviras. 

Antiviral Assay for testing compounds against replication of bovine coronaviras 

To determine tlie antiviral activity of compounds against bovine coronavirus 
replication (ATCC VR-874), an assay measuring reduction in the number of plaques 
formed in monolayers of BCV infected MDBK cells (bovine kidney cell line ;ATCC 
CCL-22) was developed: Confluent MDBK cells itx 6 well plates were infected with 
a secondary passage of BCV with serially diluted virus diluted to 10" , 5" and 10 in 
PBS to provide a range of plaques numbers to count 1 OOul of diluted virus was 
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■ 

added pea: well in a volume of 1ml of media. Plates were incubated for one hr to 
aflow virus to adsorb to cells. The viral supernatant was removed and 2ml/well of ■ 
overlay containing 1% Seaplaque agarose in lx MEM, 5% FCS was added to each 
well Compounds to be tested were added to overlay'mixture by diluting the 
5 compounds fiom a 0.5M frozen stock to a concentration so that the same volume of 
compound/solvent would be added to the overlay for* each concentration of 

* 

compound* The volume of compouad/solvent never exceeded 0.07% of file volume 
of the overlay* The solvent used to dissolve compounds was DMSO and irfefhanol 
mixed in equal proportions. Compounds were tested for .anti-plaque forming activity 
10 at four concentrations, O.luM, luM, lOuM and 20uM, • Quadruplicates were 

performed at each concentration* Controls were performed' where the same volume 
of solvent was added to the overlay. The overlay was allowed to set at room temp for 
20mins, The plates were then incubated at 37°C for 7 days. The monolayers were 
then fixed and stained by adding lml/weli of 0.5% methylene blue, 4% 

* 

15 — formaldehyde— ' ■ ~"™ 

Example 44: Effect of compounds in BCV antiviral assay 

Compounds were screened for activity against BCV replication according to the 

method described in example 3 1 . Table 15 provides EC50 values for some tested 

m 

t 

20 compounds. 



Table IS 



Compound 

• 


ECSOttM 


(3-Bromocinaamoyl)guanidine 


3 


3-(liifiuqroine£hyl)^ 


3 


6-methoxy-2-naphthoylguanidine. 


9 


" 5-(N ? N-hex'amethyiene)amiloride 


9 


tcans*3-(l >napthyl)aCTyloylgiianidiTie 


13 


cinnamoylguanidirie 


. 42 


(5-Phenyl-pent;a-2,4-dienoyl)guanidine 


95 


2-(2-napthyi)acetoylguanidine 


99 


(tran^-2-Phenylcyclopropanecarbonyl)guanidine 


109 


N-(3-phenylpropanoyl)-N T -phenylguanidinc 


156 

* 


4-phenylbenzoylguaaidine 


190 
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Example 45 Hepatitis C Virus 

Ion channel activity of Hepatitis C y inw P7 Protein 

Testing of a Synthetic P7 Peptide for channel ac tivity in artificial lipid bilavers 

A peptide mimicking the protein P7 encoded by the hepatitis C virus (HCV) 
5 was synthesised having the following amino acid sequence: 

AIJ2^VILNAASLAGTHGLVSI^VKFC^A WLKGRWWGAVYAF^ GMWPLL 
LLLLALPQRAYA 

Lipid bilayer studies were performed as described elsewhere (Miller, 1986). A 
lipid mixture of palmitoyl-oleoyl-phosphati^ pabnitoyl-oleoyl- 

10 phosphatidylserine and paliratoyl-oleoyl-pho^hatidylchoiiie (5 3:2) (Avanti Polar 
Lipids, Alabaster, Alabama) was used The lipid mixture was painted onto an aperture 
of 150-200 am in the wall of a 1 ml dehin cup. The aperture separates two chambers, 
ds and trans, both containing salt solutions at different concentrations. The cis 
chamber was connected to ground and the trans chamber to the input of an Axopatch 

15 200 amplifier. Normally the cis chamber contained 500 mM KCl and the trans 50 
roM KCl. The bilayer formation was monitored electrically by the amplitude of the 
current pulse generated by a current ramp. The potentials were measured in the trans 
chamber with respect to the cis. The protein was added to the cis chamber and stiired 
until channel activity was seen. The currents were filtered at 1000 Hz,, digitized at 

20 2000 Hz and stored on magnetic disk. The P7 peptide was dissolved in 2,2,2- 

trifluorefhanol (TFE) at lOmg/taL lOuloffhiswasaddedtofhecischarftberof the 
bilayer which was stirred Channel activity was seen within 15-20 min. 

When the P7 peptide was added to the cis chamber and stirred, channel activity 
was recorded The potential in the traus chamber was -80 mV and the currents are 

25 downwards. The currents reversed at +50 mV close to the potassium equilibrium 
potential in these solutions indicating that the channels were cation-selective. The 
amplitude of the open-channel peak is 1.7 pA corresponding to a channel 
conductance of about 14 pS. In most experiments/'si&gte channels'* had a much 
larger size, presumably because of aggregation of the P7 peptide. The currents 

30 reversed at about +40 mV in this experiment M some experiments the solution in the 
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p 

cis chamber was 1 50 mM KC1 and 15 mM KC1 in the trans, chamber. The P7 peptide 
again produced currents that reversed. 

Similar results were obtained when both chambers contained NaCL Currents 

• ■ ■ 

5 recorded in an experiment when the cis chamber contained 50QmMNaCl and the 
, trans chamber 50 mM NaCL Again the currents reversed between -f40 and +60 mV, 
close to the Na equilibrium potential indicating that channels were much more 
permeable to Na + than -to K 4 ". 

10 The channels formed by the P7 peptide were blocked by 5-(N,N- 

hexamethylene) amiloride (HMA), 



Addition of the P7 peptide produced channel activity; Addition of 2 yl of 50 
jiM HMA to the cis chamber followed by stiiring resulted in disappearance of the 
15~"lihatttfer&tiv^ 

HMA was recorded in 4 experiments. In 2 experiments, sodium channels (500/50) 
were blocked by 500 pM HMA 



When 10 mM CaCfe was added to the cis chamber (K solutions) the reversal 
20 potential of the currents produced by P7 peptide shifted to more negative potentials ' 
indicating a decrease in the P K /Pa ratio. 

When the cis chamber contained 500 mM CaCfe and the trans chamber 50 mM 
CaCfe, both positive and negative currents were seen at potentials around +20 mV and 
25 it was not possible to determine a reversal potential. 



» a 

Example 46. Recombinant Expression of HCV d7 protein. 

* 

Two cDNA fragments, each encoding the same polypeptide corresponding to 

* * * 

— • 

the amino acid sequence of the HCV-1 a p7 protein, were synthesised commercially 
30 by GeneScript. The two cDNAs differed in nucleotide sequence such that in one 
cDNA ("cDp7.coli") the codons were optimised for expression of the p7 protein in. 
•E.coli while in the other cDNA C'cDp7mam)" codons were biased for expression in 
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mammalian cell lines. cDpZcoli was cloned into the plasmid pPL451 as a 
BamEOMEcoRI fragment for expression in E.coli. cDp7.marn was cloned into vectors 
(for example, pcDNA3.1 vaccinia vims, pfastBac-1) for expression of p7 in 
mammalian cell lines* 



11 


t 


Mi 


— 



The budding of virus-like particles (VIP) from cultured HeLa cells results 

from the expression of retroviral .Gag proteins in the cells and co-expression of small 

' ..'..*■ 
vxralion channels, such as M2 3 Vpu and 6K, with the Gag protein enhances budding. 

* 

10 Interestingly,, the viral ion channels can enhance budding of heterologous virus 

particles. Therefore, to assess budding enhancement by p7 it was. co-expressed with 
the EJV-1 Gag protein in HeLa cells, and VLP release into the culture medium was 
measured by Gag ELISA. To achieve tins, the plasmids pcDNAp7 (pc DNA3.1 = 
pcDp7.mam as described in -Example 20, p7 expressed under, control of the-TZ~ , ^ - - 
IS promoter) and pcDNAGag (HIV-1 Gag protein expressed under control of the T7 

* 

promoter) were cotransfected into HeLa cells infected with the vaccinia virus strain 
vTF73 (expresses T7 RNA polymerase) and culture supeniatants were collected for 
ELISA assay after 16 hours incubation. 

■ 

Example 48. Assay of the ability of compounds to inhibit t»7 ion channel 
20 functional activity. 

Hie two methods of detecting p7 ton channel functional activity, described in 
Examples 33-35, were employed to assay the ability of compounds to inhibit the p7 
channel. In the case of Example 33 9 compounds were tested for their ability to inhibit 
p7 channel activity in planar lipid bilayers. In the case of Example 35 compounds 
25 were tested for their ability to reduce the number of VLPs released from cells 
expressing both p7 and HIV-1 Gag, 



30 
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Esample49. 

Bacterial Bio-Assav for Screening Potential HCV p7 protein Ion Channel- 
Blocking Drugs. 

HCV d7 Ion Channel inhibits Bacterial Cell growth, 

A bio-assay of p7 function in bacterial cells was developed. The p7-ehcbding * 
synthetic cDNA fragment cDp7.coli was cloned into the expression plasmid pPL45l, 
creating the vector pPLp7, in which p7 expression is temperature inducible, as 

* ■ ■ • 

described in Example 4. Inhibition of the growth of E.coli cells expressing p7 at 
37*C was observed as an indicator of p7 ion channel function dissipating the normal 
Narh gradient maintained by the bacterial cells. 

* 

* 

Example 5Q Compound Screening using the Bacterial Bio-Assav for HCV p7 
protein. 

The halos of growth around the site of application of particular drugs — as described 
— in example- 14 - were^scored as^decribed in* example' 1 5c* — — "~ — r^" — ™' - ~* 



Table 16 lists the scores for inhibition of HCV p7 protein in the bacterial bio-assay. 



Table 16 



Compound 



HCV p7 protein 
Inhibition . 

(score /# of times 
tested) 



-dimeth-jdcinnamoyiguanidm 
,4,6-1rimet3iylcinnamoylguani(iine 

-bromo-2-fliiorocinnatnoylgi,aii.iditie 
4-Biomochmamoyl)gijanid^ 
,5-dime^yicinnamoyigu^dine 
-(triflubromethyl)chm^ 
(trifhioiomethyQciimam 
|6-m^oxy-2-n^hlMylgu^dine 
(2-CMorocinnamoyl)guanidihe 
(4-CMorbdnnamoyl)guanidine 

2- Bromochmamoyl)guanidine 
,6-dicMorocinnamoylguanidine 
3 -Bromocinnamoyl)guanidine 

3- Chlorocinnamoyl)guanidine ■ 
2-(MflucTOmethyl)cinnamoylguaiiidine 
(4-Phenoxybenzoyl)guanidine 



3.88/2 
3.75/1 
3.73 /6 
3.47 /4 
3.43/4 
3.34/3 
3.33/5 
3.33 /3 
3.31/6 
3.16 /4 
3.00 /3 
3.00 /3 ' 
2.52/3 
2.75 /3 
2.63 /3 
2.63 11 
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c 



t " ■ .f- if —dJi 



f 



,4-dicMorbciimamoylguaiiidine 
isopropyloinnamoylguaiiidin© 

3-(l-napthyl)a(^oylguaridiiie 
t-butylciiinamoylguanidine 
-t-biitylcinn aTnoylguanidiiie 
l-ethylciimamoylguanidme 
methylciiinamoylguamdine . 
'-biomo-2-mefhoxyciiinamoyIguaindiiia 
-(trifluorometiioxy)cinriamoylguaiiidine 
^yclohexylcimamoylguaiiidixie 
-napthoylguanidino 
-t-butylcnmamoyl^anidirie 
phenylbenzoylguanidine 
'-Pheayl-penta-2 ? ^dienoyl)guairidiiie 
^-(cirmamoyl)-N'phcnylguanidine 
3 -isopropylcinnamoylguanidine hydrochloride 
Benzamil hydrocMoride 
N-(3-phenyIpropanoyQ-N i -phenylgaaiiidine 
N>I^-bis(3phenylpr^ 

H2-n^>fhyl)acryIoylguaiiidme . 
5-(N-Methyl-N-isobutyl)amiloride 
r- 2'4 DichloroBenzamil-HGl-- — — — — — — - 

5-tert-butylamino-amiloride 

5-(N-Ethyl-N-isopropyi)amiloride 

(4-Me(hoxyciimamoyl)guanidine 

4-fluorotimamoylguaaidine 

(3 -Nitrocinnamoyl)guatudiiie 

4^elhoxycinnamoylguanidine 

(4-Hydroxycitmambyl)guanidiiie 

(trans-2-Phenylcydop^ 

3- elhoxyciiiiiamoyIguanidine 
23,5,6,-tetr^efhyldnnamoylguanldto 

4- phenylcimamoyiguaiiidine 
traos-3-FuranacryDjdguanidine 
N-(6-Hydrbxy-2-napthoy^-N-phenylguaiiidine 
(2-FuraoacryloyJ)guamdiae. 
3<cyclohex-l-en-l-yl)cirmamoylgxi^ 
cimiamoylguairidnie hydrochloride 

5- (N»N-hex^ethylene)amiloride 

2.3- difixiorocimamoylgua^<Hi^ 
2-(l -napthyQacetoylguainidme 
(a-MethyIciimamoyl)guairidine 
(2-Nitooi?manioyl)guaiiidine 
S-Iodoamiloride 

3.4- (methylenedioxy)cnmamoylguaiiidine 
2-elhoxyciimamoylguanidine 
wtinamoylguamdine 
2-phenylcixmamoylguanidine 



2.59/3 
2.51/2 
2.44 12 
2.42/2 
236/2 
2.36/2 
2.32/2 
2.32/2 
2MI2 
2.26/2 
2.25/1 
2.23/2 
2.19/2 
2.13/ 1 
2 .13 11 
2.00 / 1 
. 2.0/1 
2.0/1 
2-0/1 
1.93/2 
1.88 11 
— 1-8871— 
1.88/1 
1.88/1 
1.88/1 
1.86/1 
1.71 /I 
1.63 /l 
1.63/1. 
1.63/1 
1.63 / 1 
1.51/2 
1.5/1 
1J8/1 
1.38 /l 
138 /l 
L32 12 
L32/2 
1.28/4 
L24/1 
1.14/1 
1.14 /l 
1.14/1 . 
1.13/1 
1.13/1 
1.00/1 
1.00/1 
1,00/1 
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2-(cyrfahex- 1 -en- 1 yl)ctnnatnoylgnanidine 

2- napthoylguamdine 

3- phenyIcinnamoylguanidrae 
5-(N^-DimetfayI)amiIoride hydrochloride 
5-(4-£hiotopJhenyi)anifloride 
(3-Methoxycinnamoyl)guamdine 

2- fluorocitmamoyIguanidine 
5-(3-bromophenyl)penta-2,4-dieaaoylguaiiidi 
[(4-Chlorophenoxy-acetyl]guanidine 
(3-phen.ylpropanoyl)guanidine 
2rk;Uoro-6-fluorocintiaQi6ylg^iaiddirie 

3- fluorocionamoyIguanidiie 

2- mefeylcinnamoylguaaidirie - 
(2-Me1ioxycinnamoyr)gnatiidine 
1 -bromo-2-napthoylguanidine 

3,4,5-trmethoxyciQnamoylguaddine " 
3Hmethylcirmamoylguanidme 

3- (tans-hept- 1 -cn- 1 -yl) cinnamoyiguanidine 
AmiloridcJHCl 

Rhenamil ciethanesuifonate salt 
2,4-dicMotocino^olyguatttdio.e 

(4=lv5ti»cii)iiamoyl)gi^ditte 

3,4-dfflnorocirmainoylguaiiidin.e 
[(E)-3-(4-Dime&ylaminoplieiiyI)-2- 
methyiacryloyllgaanidine 



1.00/ 1 
1.0/3 
1.0/1 
1.0/1 
1.0/1 
1.0/1 
1.0/1 
1.0/1 
1.0/1 
1.0/1 
0.88/1 
0.86/1 
0.7571 
0.75 A 
0175 II 
0.71 /l 
0.63 /l 
0.50 /I. 
0.5/2 
0.5/1 
0.38 /l 
0.-25-/1- 
0.13/1 

0.03 /4 



15 



Example 51: Equine Arteritis Virus (EAV). 

m 

Antiviral Assay for testing compounds against replication of equine arteritis 
virasfEAV). 

To determine the antiviral activity of compounds against EAV replication 
($train Bucyrus; ATCC VR-796), an assay measuring reduction in the number of 
plaques formed in monolayers of EAV infected BHK-21 cells (ATCC CCL-10) was 
developed: A virus stock was amplified in RK-13 cells (ATCC CCL-37) and this was 
then used to infect confluent monolayers of BHK-21 cells grown in 6-weli tissue . 
culture plates by exposure to the virus at an MOI of 5X1Q * pfii/cell for 1 hour at ■ 

* 

37°C 5% OOg. The infective inoculum was removed sind nd the cells were overlayed 

, ■ ■ » 

with a 1% sea plaque overlay (Cambrex Bio Science) in MEM containing 10% FCS 
containing and 10, 5 or 1 pM of compounds to be tested or the appropriate level of 
solvent used for the compounds (control). Plates were subsequently incubated at 
37*C (m 5% C0 2 ) for 3 days post infection, after which time culture supernatant was . 
removed and the cells were stained with 0.1 % crystal violet solution in 20% ethanol 
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for 10 minutes. Plaques were counted man wells and the percent . 
plaque number compared to solvent control was calculated- Measurements were 
performed in duplicate to quadruplicate wells. 

5 Example 52: Effect of compounds in EAV mtmral assay 

Compounds were screened for activity against EAV replication according to 
the method described in example 35. Results expressed as IC50 values are shown in 
Table 17. 

10 Table 17 



Compound 


IC50 


5-(N r NT-liexam^ylene)amiloiide 


7.5 yM 


(3-Bromocirinamoyl) guanidine 


10 


trans-3-(l -napthyl)aciyloylgnm?rifne 


7.5 pM 


^-f-hntyTmnriaTnnyigtiAnidfrte 


1 uM 


2-(cy clohex-l -en-1 yl) cinnamoylguanidine 


. 10 pM 



Example 53 Dengne FTavivirns 

Peptide Synthesis of Dengue virus M Protein 

■ 

' 15 The C- terminal 40 amino acids of the M protein of the Dengue virus type 1 

strain Singapore S275/90 (Fu et al 1992) 

(ALRHPGFIVIAIJIAHAIGTSITQ was synthesised using 

the Fmoc method.. The synthesis was done on a Symphony Peptide Synthesiser form 
Protein Technologies Ihc (Tucson, Arizona) as used to give C-tenninal amides, the 
20 coupling was done with HBTU and hydroxybenzotriazole in N-methylpyrrolidone. 
Each of the synthesis cycle used double coupling and a 4-fold excess of the amino 
acids. Temporary a-]Sf Fmoc-ptbtecting groups were removed using 20% piperidine in 

* 

DMF. 

# * 

Example 54. Incorporation of Dengue M virus protein into lipid bflaygrs. 

25 Lipid bilayer studies were performed as described elsewhere (Sunstrom, 1996/ 

Miller* 1986), A lipid mixture of palmitoytoleoyl-phosphatidylethaaolamine. 
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* * 

palmitoyl-oleoyl-pliospliatidylserine and palmitoyl-oleoyl-phospliatidylcholine . 
(5 :3 :2) (Avanti Polar Lipids, Alabaster, Alabama) was used The lipid mixture was 
painted onto an aperture of 150-200 jmiinthe wall of a I ml delrin cup. The aperture 
separates two chambers, cis and trans, both containing salt solutions at different 
5 concentrations. The cis chamber was connected to ground and the trans chamber to 
the input of an Axopatch 200 amplifier. Normally the cis ch^ber contained 500 mM 
KC1 and the trans SO mM KC1. The bilayer formation was monitored electrically by 
the amplitude of the current pulse generated by a current ramp. The potentials were 
measured in the trans chamber with respect to the cis. The protein was added to the 
10 cis chamber and stirred until channel activity was seen. The cmrents were filtered at 
1000 Hz, digitized at 5000 Hz and stored on magnetic disk. 

The dengue virtis M protein ^terminal peptide (DMVC) was dissolved in 2,2,2- 
- trifluarethanol (TFB) at 0.05mg/ml to I mgfaal, 1 0 |xl of this was added to the cis 
■ -ns~-chamberof the bilay^f wMcb^^stifredT CBaunel activfigr was seen witBiif 15-30 " 

■ 

Example 55: Hexain ethy lene anril oride fHMAVto inhibits ion channel activity of 

* 

. the dengue virus M protein C -termfn al peptide. 

« * » * 

* Solutions of 50 mM HMA were prepared by first making a 500 mM solution 
20 in DMSO. This solution was further diluted to 50 mM HMA using 0.1 M HCL 2 jil of 
the 50 mM HMA was added to the cis chamber after channel activity was seen. The 

* • 

cis chamber contained 1 ml of solution making the final concentration of HMA 100 

■ 

• * * * - 

25 Example 5tL Antiviral Assay for testing compounds against Effects of Dengue 
flavivirhs against cvtoproliferation. 

Compounds were tested at 10, 5, 2.5, 1.25 and 0.625 pM for activity against 
Dengue 1 strain Hawaii using a cytopr oliferation assay which measures the effect of 
dengue virus infection on proliferation of LLC-MK2, rhesus macaque monkey kidney 
30 cells. The LLC-MK2 cells were infected with a predetermined amount of virus, 

titrated such that cell proliferation in infected cultures would be significantly reduced 
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-Ill- 
compared to uninfected control?. The infected cells were then plated at 1 .SxlO 3 cells 

per well in a 96 well plate. Negative controls (no vims, no experimental compound), " 

♦ 

positive controls (virus, no experimental compound), and cytotoxicity controls 
(experimental compound, no virus) were run with each drug assay. The cultures were 
allowed to grow for 7 days and then Alamar Blue, a fluorescent dye that measures the 
metabolism of the cultures (red/ox), was added to each culture and the fluorescence 
value for each culture was measured.- The negative control without experimental 

v compound or virus was fixed at 100%. The positive controls and the cultures with 
compound were scored by calculating their average fluorescence as a percentage of 

; die negative control* At least six rppHcate wells were measured for each experimental 

condition. 



* 

Example 57 Effect of componads in Dengue antiviral assay; 



♦ 

Drug 


Drug 
Cone. 
uM 


Antiviral 
Percent of 
Negative 
Control 


cimamoylguanidine | 


Negative control 0 


NA 1 


Positive control 


0 


' 76.5% 




10 


17.1% 




5 


38.6% 


• 


2.5. 


58.3% 




125 


72.6% 




0.625 


76.6% j 


(2-chlorociniu 


imoyl)guanidine • I 


Negative control 


1 "0 


NA 


Positive control 


0 


80.3% 




10 


8.4% 




5 


7.7% 




2.5. 


22.7% 




1.25 


52.5% 




0.625 


64.3% "1 


Trans-3-(l-naphthyl)acryloylguanidilie 1 


Negative control 


0 


NA 1 


Positive control 


0 


80.4% 




10 


6.8% 1 
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5 


12.4% 




2.5. 


38.7.% 




125 


73.7% 




0.625 


77.7% 



Example 58: Positive correlation between Bacterial Assay and Anti-viral Assays 



5 Example 58*1 Positive correlation between Vpu Bacterial Assay and antE-HIV-1 
Data, 

A correlative study was performed to measure correlation between the activity 
scores assigned to compounds tested in the Vpu bacterial assay and the ability of . 
these compounds to inhibit HIV-1 in the anti-viral assay. : 

10 Example 58.2. Methodology • 

..iJ^P^Mrantigen data, foctwjslve compounds; representing.various, substituted. acyI~-~~ 

• ~ 

guanidines was compared with the activity scores obtained for those compounds in 

♦ 

the Vpu bacterial assay. The data from each assay was initially rank ordered for 
effectiveness. The rank order for the Vpu bacterial assay was determined from all 
activity scores, the highest score indicating the greatest effectiveness- The rank order 
for the anti-HIV-1 assay was determined based on the overall average value of p24 
antigen* measured in culture supematants at all of the drug concentrations tested, with 
the lowest score indicating the greatest effectiveness. The two rank orders generated 
were then compared statistically by generating the Spearman's Rank correlation - 
coefficient. 



15 



20 



■ 

Example 58-3. Resnlts and Conclusion . 

The Spearman's correlation coefficient was 0*785 which, by comparison with 
a statistical table of critical values (for n= , 12), indicates that the two rank orders are 
25 • significantly positively correlated (P<0.01) (Table 19a). 

In addition, a different comparison of the Vpu Bacterial assay rank order with 
a yes/no score for whether the anti-viral data indicated a p24 reduction of at least one 
order of magnitude, aligned the e yes' group of compounds with the top 6 compounds 
by the bacterial assay (Table 19b). - 
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These results are indicative that a positive coirelation exists between bacterial 
assays and the antiviral assays as perfonned'according to the present invention. The 
bacterial assay may therefore be a useful tool in screening for compounds that exhibit 
anti-viral activity. 

* 

Table 19a. Comparison of Rank order of efficacy of 12 substituted acyl- 
guani dines in the Vpu bacterial assay and anti-BTV assay. 



10 



Table 19b. 



| Compound 


Bacterial assay 
rank order 


p24 
rank order 


MM I 
IM £» 1 


I (3-bromocninknioyI)guanidine 


1 


1 


0 


3-Ctrifluoromethyl)ciimamoylguanidm^ 


2 


2 '. ' 


0 


3-methyIcinnamoylguanidine 


3 


3 


0 


| cinnanioylguamdine 


4 


4 


0 


trans -3-(l-napthyl)a<ayloylg^3nidine 


5.5 


7 


135 


I 6-methoxy-2-naphthoylg^ianidine 


5.5 


5 


0.25 


1 4-phen5dbenzoylguanidine 


7 


11 


16 


. [,(£ph<ra^ 






1 I 


1 N-(3-pheny]propanoyl)-N 5 - 
1 phenylguanidine 


9 


.12 

* 


9 


J Hexamethylene amiloride 


10 


6 


16 


1 2-(2-napthyl)acetoylguanidine 


11 


10 


1 


(trans-2- 

pbenylcyclc^ropanecarbonyl)guanidine 


12 


8 


16 






Sumdi A 2 


62.5 


1 Spearman correlation coefficient 


0.785 




* 


P value 


>0.01 1 



Compounds 
Ordered by p24 rank order 


1 Vpn 

I Bacterial 
1 score 


Bacterial " 
assay rank 
order 


At least Ix log 
reduction seen In 
p24 assay? 


j (3-bromocinnamoyl)guanidine 


43 


1 


yes - 


J 3-ftiifluoromemyl)oimiamoylOTamdine 


' 3.7 


2 


yes 


1 3-methylcimiamoylguanidine 


1. '3.4 


3 


yes 


cimiamoylguanidme | 


1 3-0 


4 


yes 


1 trans -3-(l-napmyDacayloylgnanidme 


2.9 


5.5 


yes 


1 6Hcnethoxy-2-naphthoylguanidine 


23 


5.5 


yes 


1 4-pben^benzoylguamdme | 


2.8 


7 


no 


1 (5-phenyl-penta-2,4-diemoyl)gaaiudine 


2.6 


S 


no 


N-(3-pbenylpropattoyl)-N*- 
1 phenylguanidine 1 


2.2 


9 


no 


I Hexamethylene amilortde 


1.9 


10 


110 


! 2-(2-napthyl)acetoylguaniduie | 


1.2 


11 


Xto 



WO 2004/112687 



PCT/AU2004/000866 



-114- 



(trans-2- 


0.4 


12 


no . 


plienylcyclopropanecarbonyl)guanidine 






• 



5 Example 58.4, Correlation Between Percent inhibition of MHV plaque 
formation and MHV-E bacterial bio-assav score. 

n 

A positive correlation was seen between the activity scores assigned to 
• compounds when tested in the Mouse Hepatitis Virus E-protein bacterial bio-assay 
10 arid the percent inhibition exhibited by these compounds in the Mouse Hepatitis Vims 
plaque assay. ■ 

Example S&5. Method; 

MHV plaque reduction activity data for 96 compounds screened were sorted from 
^ — _ greatest to least percent plaque reduction and rank orders, were, assigned to the list of— 
15 compounds* This was performed for the data generated by exposure to both lO^M and 
1 fiM concentrations of the compounds, giving rise to two rank order lists. 
Similarly, a rank order list was generated for the MHVE bacterial bioassay scores for the 
same 96 compounds* Where dne or more compounds had the same score, the rank values 
for that group were averaged. 

• • • • 

20 Spearman's statistical test for [as described in "Mathematical Statistics with 

Applications' 4 (2 nd edn): Mendenhall, W., Scheaffer, RL.,& Wackerly, DD. Duxbuiy 
Press, Boston Massachusetts — 1981] was used to compare rank orders* Briefly, this 
involved calculating the Sum of squares (SS) of the differences between rank values for . 
each compound, and then generating the Spearman's Rank Cpixelation coefficient (Rs) 

25 according to the formula; R5 *■ l-(6.SS/n(n 2 rl)), where n is the number of compounds 
ranked (96 in this case). Rs is then compared to a. Table of critical values to determine . 

♦ 

statistical significance (P values)* * 

* * 

- • 

* 

* 

Example 58.6. Summary of Results: 1 

1 

30 This table summarises the Rs and P values generated as a result of the indicated * 

pairwise comparisons between rank orders. 
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Table 20 



Comparison 


Rs 


• 


+ive correlatioi 


Plaque at 10nM 


Plaque at IjiM 


0.689 


>99.5 


Yes 


* ■ 


■ 

- * w 






• 


Bacterial 


Plaque at IOmM 


0,444. 




Yes 


Plaque at IjiM 


0.406 


>98.5 


Yes 


Randomised order 


. . -0.382 I n/s 


No 



ill 









c 



The rank order comparison of 96 compounds assayed in the bacterial bio- 
5 assay and the antiviral assay show that MHVE bacterial assay rank order for the 
compounds tested is significantly positively correlated with the rank orders generated 
by the MHV plaque reduction assay. The significant correlation between the assays 
is highly indicative that either assay may be utilised to identiiy compounds that may 

■ mm ' " • 

be usefid. The bacterial assay may thereby be at useful tool in screening for 

* * 

1 0 — compounds* tha^exMbit- anti-viral- activity^™' ~ — — — : — 



c. 



15 



20 



25 



Example 58.8. Correlation Between Percent inhibition of 229K plaque formation 

and 229E-E bacterial bio-assay score. ^ 

A positive correlation was seen between the activity scores assigned to 
compounds when tested in the Human Coronavirus 229E E-protein bacterial bio- 
assay and the percent inhibition exhibited by these compounds in the Human 
Coronavirus 229E plaque assay. 

* . 

■ ■ ■ 

Example 58A Method: 

* 

229E plaque reduction activity data for 97 compounds screened against 2.5 jiM 
compound concentration were sorted from greatest to least percent plaque reduction and 
rank ordfecs were assigned to the list of compoimds. S imil arly, a rank order list was 
generated for the 229E E bacterial bioassay scores fox the same 97 compounds. Where one 
or more compounds had the same score, the.rank values for that group were averaged. 

Spearman's statistical test for [as described in 'Mathematical Statistics with Applications" 
(2 nd edn): Mendeohall, W., Scheaffer, RL.,& Wackerly, DD. Duxbury Press, Boston 
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Massachusetts - 1981] was used to compare rank orders. Briefly, this involves calculating 
the Sum of squares (SS) of the differences between rank values for each compound, and 

• - 

then generating the Spearman's Rank Correlation coefficient (Rs) according to the 
formula: Rs = l-(5JSS/»(a 2 -J)) 3 where n is the number of compounds ranked (97 in this 
5 case), Rs is then compared to a Table of critical values to determine statistical significance 
(P values). 

* * 

* 

Example 58,9,1. Summary of Results and Conclusions 
10 This table summarises the Rs and P values generated as a result of the indicated pairwise 
comparisons between rank orders. 



Table 21 





Comparison 


• 


Rs 

• 

• 


P 


+ive correlatioi 




JEMaque^ at 2.5pM 


J3acteriRl 




>99.5 






























randomised 


-0.382 


n/s 


No 



The results above indicate that the 229E bacterial assay rank order for the 

♦ 

15 compounds tested is significantly positively correlated with the rank orders generated 
by the 229E plaque reduction assay. This result combined with that shown in 
Examples 49,1 and 49 A 3 provides strong evidence that either assay may be utilised to 
identify compounds that may be useful. The bacterial assay may thereby be a useful 
tool in screening for compounds that exhibit anti-viral activity; 

20 

* - 

Those skilled in the art will appreciate that the invention described herein is 
susceptible to variations and modifications other than those specifically described. It 
is to be understood that the invention includes all such variations and modifications 

■ * * s * I m .... * • . 1 * 

The invention also includes all of the steps, features, compositions and compounds 
25 ' referred to or indicated in this specification, individually or collectively, and any and 

* 

all combinations of any two or more of said steps or features. 
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